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ABSTRACT
This stocfy associated climatic and environmental factors with die incidence of visceral 
leishmaniasis (calazar) in Northeast Brazilian. Remote sensing (RS) techniques permitted 
evaluation of spatial and temporal landscape features to stratify the region and define die target 
population for this vector-borne disease.
The Municipality of Caninde, Ceara, Brazil was divided into 873- 2x2 km3 squares 
centered on coordinates from a Universal Transverse Mercator projection (scale 1:100,000,
1994) and geo-referenced with 2 Landsat T.M. (TM) scenes (September 26, 1976 and July 2,
1996). The assignment of squares into foothills, plains or city strata was based on vegetative 
categories determined from TM scenes (Bands: 4,5,3) with ERDAS Imagine ISODATA 
classification procedures.
Odds Ratios (OR) with 95% Confidence Intervals (Cl) were determined for the juveniles 
less than age 10 based on 17 years o f demographic, calazar incidence and rainfall information 
supplied by: Funda$ao Nacional de Saude, Funda?ao Cearense do Metorologia e Recurso 
Hidricos, and Fundapao Ihstiftitn de Planejamento do Ceara. The population and number of 
calazar cases were determined for each 2x2 km2 square.
The odds ratio of calazar for a Caninde juvenile in the foothills relative to the city was 
OR = 4.11 Cl (3.2,5.3). The calazar odds ratio for juveniles living in years with 3-year rainfall 
average between 60- 90 cm was OR = 3.07 Cl (1.3, 7.2), the rainfall average between 40-60 cm 
had OR = 9.12 Cl (4.4, 23.3), and with less than 40 cm OR = 9.23 Cl (3.9, 25.2) relative to 
years with an average greater than 90 cm.
The logistic regression model for Ceara comprised an ordinal-incidence-density- response 
variable, a 5-level region explanatory variable, and a 3-level juvenile proportion variable. The 
odds ratios for calazar in municipalities located in the interior high plains was
x
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OR = 1.94 Cl (1.6,2.4) relative to location in the littoral and for a municipality with less than 
26% juvenile population was OR= 0.63 Cl (0.5,0.78).
Results suggest that RS can classify climatic and environmental factors resulting in 
increased strata homogeneity and better defined population at risk which reduces dilution of data 
and increases die probability for detecting statistical associations.
xi
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CHAPTER ONE 
INTRODUCTION
Visceral leishmaniasis is a disease complex which has been recognized for approximately 
a century. The condition is called Kala-azar in the Old World and Calazar in the Western 
Hemisphere (El-Hassan, Zijlstra and Ghalib, 1995). The etiological agent, a protozoan, was 
isolated in India simultaneously but separately by Leshman and Donovan in 1903 (Alencar,
1959).
Visceral, cutaneous and muco-cutaneous leishmaniasises form three distinct clinical 
syndromes which share symptoms and signs common to other diseases. Etiological diagnosis 
requires culture with microscopic identification of the agent or molecular immunological 
diagnostic procedures (Berman, 1997). At present, more than 20 species of Leishmcmia have 
been implicated in the three leishmaniasis disease syndromes (Kettle, 1990).
The life cycle of Leishmania species involves a complicated, biphasic pattern and has not 
been completely defined. The protozoa have evolved an obligate intracellular relationship with a 
number of vertebrate hosts. The promastigote form invades the alimentary tract of at least 70 
different species of sandflies of the genera Lutzomyia or Phlebotomus. The definitive host of 
most species is still unknown.
Visceral leishmaniasis presents as a complex multi-organ-system disease. The 
intracellular parasite replicates in mononuclear phagocytes and damages die reticular-endothelial 
organs. Case fatality approaches 95% without treatment which still involves administration of 
pentavalent antimony compounds (Silveira et al., 1997).
Occurrence of the disease requires die presence of the protozoa, susceptible hosts and the 
sandfly vector. The sandfly reproduces best between 23°-28°C at 70-100 % relative humidity 
(EL Sawaf et al., 1994). Since the insect is a poor flier, it requires protection from wind. The
1
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vectors obtain nutrients from plant sugars but need a blood meal before ovipositicn (Patz et al.,
1996).
In the Brazilian Northeast, the occurrence of Lutzomyia sandfly vectors and high 
prevalence rates of leishmaniasis have been associated with rural areas especially in die foothills 
(Deane, 1956). hi die Old World especially in die eastern Mediterranean basin, the incidence rate 
of kala-azar is correlated with the spring rains and increased ambient temperature (Janini, Saliba 
and Kamhawi, 1995).
Specific environmental conditions required for propagation of the vector make 
leishmaniasis an ideal candidate for application of remote sensing by satellite (RS). The remote 
sensing methods classify the environmental reflectance into surrogate indices which can then be 
used as explanatory variables in geographic information systems (GIS) and statistical models to 
define associations between the environmental surrogates and die incidence rate of visceral 
leishmaniasis Remote sensing and geographic information systems are increasingly used to 
identify, classify, and organize environmental variables to better understand die conditions that 
influence vector abundance. Advanced Very High Radiometric Resolution (AVHRR) has been 
used to demonstrate that visceral leishmaniasis prevalence rates are associated with normalized- 
difierence vegetation index (NDVI) (Cross, Newcomb and Tucker, 1996).
The hypothesis proposed in this diesis is that die incidence of visceral leishmaniasis 
(calazar) in die Brazilian Northeast is influenced by environmental and climatic factors. Specific 
project objectives comprise the following:
•  Describe American visceral leishmaniasis distribution in die municipality of 
Caninde and in die state of Ceara.
•  Investigate spatial or temporal clustering in Caninde Municipality and in the 
state of Ceara.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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•  Classify the environmental variables in Caninde municipality using remote
classes.
•  Estimating die association of climatic or geographic variables on die incidence 
rate of visceral leishmaniasis.
•  Construct a statistical model, based on a Poisson distribution, to explain die 
association of variables and die incidence of American visceral leishmaniasis.
The principal purpose of this project was to define the environmental influences which 
determine the distribution of sandfly vectors in the Brazilian Northeast. This information may 
then be used to plan vector capture studies and more detailed epidemiological surveys and control 
programs.




American visceral leishmaniasis, Calazar, was first described in the Western Hemisphere 
in 1913 by Migone in Paraguay (Deane, 1956). The Old World form, Kala-azar, was identified 
in 1903 when Irishman and Donovan separately identified die protozoan parasite (Alencar, 
1959). Approximately 200 million people world wide are at risk of infection with the Leishmania 
donovani group of protozoan parasites. This group comprises L. donovani, L  infantum and L. 
chagasi, which collectively cause a minimum of 100,000 new cases of visceral leishmaniasis per 
year (Berman, 1997).
The disease exists in many countries with a major concentration in semiarid regions of 
the world (Figure 1). American visceral leishmaniasis (calazar) occurs in at least 24 countries in 
tropical and subtropical zones in the hemisphere. Until recently, calazar has occurred in rural 
areas but during the past decade the incidence of the disease has increased dramatically in urban 
settings and has become a complicating factor for treatment of HIV infection (Cascio et al.,
1997).
2.2. SPECIES OF LEISHMANIA
Leishmania chagasi (synonym L. infantum or L  donovani) is repeatedly associated with 
American visceral leishmaniasis. The sandfly vector, with rare exceptions, is Lutzomyia 
longipalpis. The agents for the Old World forms include Leishmania donovani in India and 
Leishmania infantum in the Mediterranean basin with Phlebotomus argentipes and Phlebotomus 
pemiciosus as principal vectors, respectively (Grimaldi Jr. and Tesh, 1993). There is speculation 
that T. infantum was transported to die Americas from fee Iberian peninsula in fee colonizers and 
their dogs during die 15th Century (Quinnell et al., 1997).
4
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Approximate geographic distribution of visceral leishmaniasis (Kala-Azar) 
(Parasites and Parasitological Resources)
Source Internet: www.biosci.ohio-state.edu/~parasite/lifecycle
Figure 1
World Distribution of Visceral Leishmaniasis
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The Leishmania donovani group which contains L. donovani, L. infantum .and L. 
chagasi is a protozoan parasite within the genus Leishmania in die family Kinetoplastida: 
Trypanosomatidae. Leishmania are highly diverged eukaryocytes with a unique mitochondrial or 
kinetoplasdc deoxyribonucleic acid.
The Leishmania genome is approximately 50,000 base pairs (kb), diploid and contains 
25 to 30 small easily separated chromosomes resulting in a high mutation potential (El-Hassan, 
Zijlstra & Ghalib, 1995). Molecular karyotypic analysis demonstrates genome chromosome 
polymorpism with a high degree of plasticity. Repeated gene families and a variety of 
chromosomal alterations involving amplification of certain genes may be a common characteristic 
of the Leishmania species (Kreutzer, 1996).
2.3. TAXONOMY
The New World Leishmania show considerable diversity with recent identification of 
new species. Controversy exists over whether L. infantium and L. chagasi are different species. 
The recent discovery of new Leishmania spp. in the neo tropics and the possible association of 
these putative parasites with diseases in humans and other vertebrates intensifies the need for 
taxonomic stability (Walters et al., 1993).
Knowledge of host range, susceptible species, and disease syndromes for each of the 
Leishmania spp. is incomplete. Leishmania are morphologically similar except in size (Grimaldi 
Jr. and Tesh, 1993). Differences exist in virulence, pathogenicity, vector adaptation and response 
to chemotherapeutic agents. There is sufficient commonality among the studied species to suggest 
that identification cannot be based on external factors, clinical signs and symptoms, geographic 
location, or type of habitat (Bates, 1997).
The development of taxonomic markers, based on molecular characteristics of each 
species, enhances the specificity of identification and reduces confusion created by the variation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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seoi in clinical disease and environmental conditions, especially in the L.chagasi-L. longipalpis 
complex (Tesh and Guzman, 1996). Given the increase in die number of recognized Leishmania 
spp., more precise species identification is required to define relevant biological and disease 
relationships. A detailed review of methods to characterize Leishmania spp. and systematic 
taxonomic grouping of die genus is provided by Lainson and Shaw (Lainson and Shaw, 1987).
Leishmania chagasi is the most important protozoon agent responsible for American 
visceral leishmaniasis. This species is synonymous with L. infantum. Other species, including L. 
amazonensis, have been isolated from patients with visceral leishmaniasis (Grimaldi Jr. and 
Tesh, 1993).
2.4. LEISHMANIA LIFE CYCLE
Leishmania are protozoa with a two-phase life cycle: An intracellular nonmotile 
amastigote stage, 2-3 pm in diameter and 15—26 pm long, which resides in die phagolysosome of 
the mononuclear phagocytes in die mammalian host, and an extracellular-flagellated-motile 
promastigote form, 2-3 pm in diameter and 15-26 pm long, that invades die alimentary tract of 
the sandfly vector (Figure 2).
The mode of transmission for the Leishmania parasite is through the bite of die female 
phlebotomine sandfly. All die sandflies that transmit leishmaniasis belong to genera Lutzomyia or 
Phlebotomus (Diptera: Psychodidae). There are approximately 70 sandfly vectors for the three 
forms of the leishmaniasis disease complex with more than 20 recognized species of Leishmania 
as etiological agents (Kettle, 1990). The primary vector for L.chagasi is Lutzomyia longipalpis 
with evidence pointing to the ability of L. evansi to transmit infection in the absence of the 
primary vector (Travi et al., 1996).
Leishmania parasites cycle between the female sandfly vector and the mammalian host 
Under natural conditions each species of sandfly is a vector for a single Leishmania sp.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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With the exception of L. donovani in India where man fills the role of a primary host; humans 
appear to be accidental hosts, especially with New World leishmania.
Hie parasite is an obligate intra cellular parasite. Under natural conditions and with the 
normal vertebrate host of each species, there is a well balanced relationship between the parasite 
which produces a mild or asymptomatic infection with nominal pathology in the host (Grimaldi 
Jr. and Tesh, 1993). The infectious process commences with transmission of several hundred 
metacyclic promastigotes into the host dermis by an infected sandfly while taking a blood meal. 
The promastigotes are highly infective and resist direct serum killing (Bogdan and Rollinghoff
1998).
The metacyclic promastigotes rapidly infect macrophages and dendritic cells located in 
the dermis. Following invasion of the mononuclear macrophage, the metacyclic promastigotes 
transform into amastigotes. The amastigotes multiply by binary fission within short-lived 
mononuclear phagocytes. Following multiplication, die amastigotes migrate to and persist in the 
long-lived mononuclear phagocytes of the reticulo-endothelial and hematopoietic systems. The 
amastigotes return to the dermis when the long-lived mononuclear phagocytes migrate out to 
replace the short-lived macrophages (Walters et al., 1993).
The amastigotes, located in the peripheral blood, infect the sandfly when ingested with 
the blood meal. Rapid transformation from the amastigote stage to the promastigote stage occurs 
with subsequent multiplication within 24 hours of ingesting the blood meal. When the ingested 
blood enters the anterior mid gut of the vector it is wrapped in a peritrophic membrane. After 
three days, the peritropic matrix disintegrates and the promastigotes move to the fore or hind gut 
depending on the species, where multiplication and differentiation continue. After 7 days, the 
promastigotes move cranially to the esophagus-pharynx-stomodal valve and attach to the organ 
by their flagella. The promastigotes invade the host with the next blood meal (Bates, 1997).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The vertebrate hoat 
is infected with 
promastigotes when 






The amastigotes are 
released in the 
vector's gut, and the 
parasite reproduces 
as promastigotes.




The macrophage dies, 
the amastigotes are 
released, and they 
infect more circulating 
or fixed macrophages.
(Parasites and Parasitological Resources)
Source Internet: www.biosci.diio-state.edu/~parasite/lifecycIe
Figure 2 
Leishmania spp. Life Cycle
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2.5. DISEASE COMPLEX AND TREATMENT
American visceral leishmaniasis (calazar) is a clinically similar disease in dogs and 
humans. The disease is characterized by extreme clinical variability often with asymptomatic 
infection persisting for months or years. The typical incubation period for calazar is 2 to 4 
months but varies from 10 days to 34 months or longer, hi humans and dogs with clinical signs 
case fatality approaches 90 to 95% if untreated. In human populations, die number of individuals 
infected greatly exceeds the number of clinical cases. Estimates of die ratio of clinical disease to 
infection vary from 1:8 to 1:18 with the ratio lower in adults and in non-hyper-endemic regions 
(Evans et al., 1992).
The duration of calazar is short with the time from onset of symptoms to death ranging 
from weeks to months. Clinically, dogs display declination, emaciation, onychogryphosis, 
enlarged lymph nodes, keratitis, anorexia, and fever.
The classic calazar patient displays fever, cachexia, malaise, hepatomegaly and 
splenomegaly. The onset of disease signs and symptoms are rarely acute but the progression of 
the insidious disease is characterized by intermittent fever or regular elevation in temperature 
with twice-daily peaks. The less common acute onset calazar should be differentiated from 
malaria or other systemic infections (Silveira et al., 1997).
Two clinical pictures of calazar occur in humans. The most common is the classic 
visceral form with pyrexia, hepatosplenomegaly, anemia, leukopenia, hyperglobulinemia, and 
hemorrhage which can be complicated with concurrent infections. The second form is cutaneous 
in nature with ulcers and dermal reactions in the absence of visceral complications. The Post 
Kala-azar Dermal Leishmanoid (PKDL) form is usually not seen with the American Visceral 
Leishmaniasis (Berman, 1997).
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Most L  chagasi infections are benign and self limiting. Current medical theory accepts 
that cell mediated immunity is die body’s method of controlling this infection. During die acute 
phase of calazar there is an antigen-specific immunosupression of the cell-mediated response but 
a marked humoral response during the early active disease (Bogdan and Rollinghoff, 1998)
Given die nature of die immune response, there is elevation of the nonspecific 
immunogloululin levels of IgG and IgM with reversal of the albumin/globulin ratio. High 
leishmania antibody titers occur in patients with and without disease, in endemic areas. The 
elevated rheumatoid factors, hypergammaglobulinima and high levels of circulating immune 
complexes are associated with polyclonal B cell activation (Grimaldi Jr. and Tesh, 1993).
Host response, vector characteristics (sandfly saliva), and the specific Leishmania 
parasite influence the disease outcome. Clinical disease occurs when the Leishmania parasite 
resists the microbiocidal action of the macrophage or is able to control the host’s protective 
cellular immune response.
Evidence exists for familial influence on host susceptibility that is further influenced by 
nutritional status (Harrison et al., 1986). Insect vector saliva, especially from L. longipalpis, 
inhibits the ability of the host’s macrophages to present antigens to specific T cells and thereby 
down regulates the production of nitrous oxide in response to gamma interferon stimulation 
(INFy) (Badaro et al., 1986; Theodos, Riberio and Titus, 1991; Hamilton & Ramsoondar, 1994; 
Cabello et al., 199S; Bogdan and Rollinghoff, 1998).
The lymphocytic response is absent in visceral leishmaniasis patients with a concurrent 
decrease in IL-2 and IFNy. Antigen specific immunosuppression occurs in the acute phase with 
the reduction of the cell mediated response. In contrast to a normal cell mediated response, there 
is a predominance of IL-4 and T-2 helper cell humoral responses. Natural killer cells are
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markedly inactive in visceral leishmaniasis patients (Grimaldi Jr. and Tesh, 1993; Berman, 1997; 
Bogdan and Rollinghofl; 1998).
This intracellular parasite causes a spectrum of clinical presentations, ranging from 
anergic forms with heavily parasitized macrophages to immunopathological alterations with 
fibroid necrosis of vascular walls or the connective tissue matrix that produce extreme tissue 
damage (Pearson and Sousa, 1996).
The variety of clinical pictures displayed by visceral leishmaniasis results in an 
extensive list of differential diagnoses including schistosomiasis, typhoid fever, Chagas disease, 
malaria and prolonged-multi-etiological septicemia (Silveira et aL, 1997). A presumptive 
diagnosis is based on clinical symptoms and signs, patient history, epidemiological information, 
and clinical pathology. A definitive diagnosis requires demonstration o f die parasite in smears 
from bone marrow, lymph nodes orthe spleen (Silveira et al., 1997). Immunoblot, 
immunofluorescence and enzyme linked immunosorbent assay (ELISA) detect antibodies or 
antigens and these procedures cannot differentiate between disease and exposure (Berman,
1997).The Montenegro skin test measures die cutaneous cellular response to leishmania antigens 
and has been used as a nonspecific screening test (Fargeas et al., 1996).
Treatment with pentavalent antimony (Sb5) at a dose rate of 20 mg/kg daily for 28 days 
is the treatment of choice. The biochemical principles of this treatment are not known but a 
success rate between 80% to 95% is achieved (Pearson and Sousa, 1996).The patients should be 
examined at 1.5, 3, 6, and 12 months post-treatment. The side effects from the pentavalent 
antimony compounds can be severe. Arthralgia, myalgia, hepatic, cardiac and renal toxicity are 
frequent complications (Berman, 1997).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
2.6. CHANGE IN DISEASE PICTURE
The geographic distribution of visceral leishmaniasis has extended in area daring die past 
decade. The disease in the Americas is now found from the arid Northeast of Brazil to the moist 
tropics and from sea level to the Andes. In the past calazar has been associated with young rural 
inhabitants in foothill regions covered with brushy vegetation (Grimaldi Jr. and Tesh, 1993; 
Berman, 1997).
Recent studies have demonstrated that the disease is now diagnosed in older age groups 
in urban and suburban populations and is a complicating risk factor associated with intravenous 
drug use and AIDS (Jeronimo et al., 1994). The change in disease pattern may be due to the 
profound migration from rural to urban areas that commenced during the 1980's. Migrants live in 
overcrowded conditions in slums (favellas) with primitive sanitation and deficient drainage. The 
favellas are frequently located at city margins and full of pigs, chickens, dogs and other animals 
transported by the migrants from the rural areas. Lutzomyia longipalpis is well adapted to 
coexist with humans. Large areas of scrub-fbrest-waste land protrude into the peri-urban areas 
and function as corridors and reservoirs for sylvatic hosts and die sandflies vectors.
2.7. LIFE CYCLE OF THE SANDFLY VECTOR
The vectors of Leishmcmia spp. are members of the genera Lutzomyia in the Americas 
and Phiebotomus in the Eastern hemisphere. Both genera are dipterids and belong to the family 
Psychodidae (James and Harwood, 1970). There are over 700 species of the two genera with at 
least 70 species noted to transmit more than 20 Leishmania spp. Only females take blood meals 
and transmit the parasite (Bates, 1997).
The mature female sandfly takes a blood meal from a vertebrate (dog, human, bovine, 
fox, or other host) and within a week lays 5 to 50 eggs in a moist environment. The female 
ingests plant sugar meals during die interval between adulthood and death. The larval stage
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(lst-4* instar) and pupal period together last 3 to 4 weeks at the optimal temperature of 23° to 
28° C and 70% to 100% relative humidity. The photo-period in which die sandfly is active can 
vary from 12 :12 to 17:7 hours per day. The complete life cycle length varies between 5 and 8 
weeks (Kettle, 1990).
The geographic distribution of L. longipalpis ranges from Mexico to Argentina. It is 
currently accepted that L. longipalpis is a species complex (Bates, 1997). This concept explains 
the vastly different environmental conditions in which the vector ranges. In Northeast Brazil and 
Ceara in particular, L. longipalpis dwells in a semiarid environment and is frequently observed in 
die vicinity o f human habitation, either in houses or near domesticated animals. This sandfly 
apparently favors bean and com fields over open savanna or scrub and brush land (Cameron et 
al., 1995).
The sandfly is anthropophilic and nocturnal in behavior with the greatest number of 
sandfly females captured between 10:30 p.m. and 12:00 p.m. The numbers of sandflies caught in 
a given area or house vary by season, day, subject to weather, type of trap and bait. These factors 
complicate collection of information and invalidate generalizations about the abundance of the 
insect vector (Ferro et al., 1995; Hay et al., 1996b; Quinnell et al., 1997).
The sandfly is highly dispersed among adjacent houses or animal corrals and numbers 
vary from few to many insects. The proportion of gravid females trapped, ranges from 45% to 
65%. About half of the females have completed one gonotropic cycle. The percentage of L. 
longipalpis infected with L. chagasi varies seasonally from 0 to 0.47% and average 0.29% 
(Morrison et al., 1993).
The specific ambient conditions required by L. longipalpis and the habits of this vector 
are unknown. The dog, fox and human are all potential sources for blood-meals but given the 
severe pathological reaction displayed by each, they are probably accidental hosts for L. chagasi.
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There is presently scant information on fluctuation in tire abundance of sandflies during specific 
seasonal, climatic or environmental conditions in natural settings (Hay, Packer and Rogers,
1997). Most existing knowledge flows from laboratory observations (Ready, 1979).
2.8. ENVIRONMENTAL REQUIREMENTS OF THE SANDFLY
Tlie general consensus pertaining to die knowledge of die sandfly requirements in the 
wild is that not much is known (Hay et al., 1996). Most sandfly species live in the tropics or 
subtropics but a few species flourish in temperate regions (Ready, 1979; Tesh and Guzman, 
1996). The insects are generally encountered in arid environments but range from desert to 
rainforest, sea level to mountains, and are associated with rodent burrows, pig pens, and houses 
(Morrison et al., 1993).
The breeding and ovopositions sites for most species have not been defined. Flies are 
terrestrial throughout out their life cycle and are feeble fliers. Lutzomyia longipalpis thrives best 
at ambient temperatures between 18° C to 32° C. The life cycle is completed in 5 to 8 weeks at 
23° C. Egg-to-egg time is temperature dependent and under less ideal conditions the life cycle 
may vary from 5 to 30 weeks (Bates, 1997). Laboratory observations provide most of die sandfly 
information and suggest that eggs are laid individually or in small batches in protected, moist, 
micro habitats. The eggs require a humid environment, if not moisture, in order to hatch (Tesh 
and Guzman, 1996).
. The female requires a blood meal before ovoposition. Plant sugars serve as energy 
sources and vectors are trapped in high numbers in com and bean fields. In certain localities and 
at specific times of the year L  longipalpis was found in higher concentrations than other 
Lutzomyia species. Since the biological requirements, moisture and temperature, for vector 
propagation are specific, L  longipalpis should be a suitable subject for applying remote sensing 
methodology.
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23 . HISTORY OF VISCERAL LEISHMANIASIS IN BRAZIL
Both the incidence and geographic distribution of American visceral leishmaniasis have 
increased in the Western Hemisphere since the first diagnosis of leishmaniasis in 1913 by 
Mingoine (Deane, 1936). The first case of calazar in Northeastern Brazilian was observed by 
Penna in 1934 in a suspected case of yellow fever. Deane and Deane, in an extensive study in 
1955 isolated Leishmama chagasi from humans, dogs, and foxes in the state of Ceara (Jeronimo 
et al., 1994). Traditionally, 90% of Brazilian leishmaniasis cases occur in foe foothills and 
mountainous regions of foe Brazilian Northeast (Deane, 1956; Jeronimo et al., 1994).
The epidemiological pattern of calazar is changing with more cases occurring in urban 
and suburban environs rather than rural areas. The increase in the incidence of cases in the city of 
Natal, Rio Grande do Norte is an example of this trend. The explosive growth of the Brazilian 
population and the extensive migration from rural to urban areas coupled with the increase in 
numbers of AIDS cases and drug abuse have influenced the traditional patterns of disease 
(Jeronimo et al., 1994).
In the past decade, the state of Bahia has recorded 500-600 American visceral 
leishmaniasis cases annually in a population of 12 million, representing incidence density of 5 
cases /100,000 person years (Cunha et al., 1995). Ceara has a yearly incidence density of 4.2 
cases /100,000 person years based on the 15 year average o f265 cases per year in a population 
of 6.3 million as graphically depicted in Figure 8 (IPLANCE, 1995a).
The study area represented by the Municipality (corresponding to a county or parish in 
the U.S.) of Caninde recorded an annual average of 20 cases per year in a population of 61,827 
(1991) and an incidence rate o f32.25 cases /100,000 as illustrated in Figure 9 (IPLANCE, 
1995b).
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The occurrence of the disease is sporadic with the annual incidence varying in Ceara 
from the 1980 low of 82 cases to die 1995 high o f490 cases. The same cyclic pattern occurs 
throughout Brazil and even in the endemic areas such as die municipality of Caninde (Figure 8).
2.10. GEOGRAPHIC INFORMATION SYSTEM AND DISEASE
A geographic information system (GIS) is a computer-based system that stores and 
retrieves geographic information (Aronofl; 1995). GIS programs are designed to collect, store 
and analyze data relating to geographic location (Su & Chang, 1994). As with other data base 
management systems, GIS is only valuable when die input variables are accurately measured and 
are relevant, precise and valid (AronofT 1995).
Two types of data are required for a GIS system: the graphic component (Map) which 
registers the coordinates and spatial relationship of the map features while the alpha-numeric 
(attributes) part which stores the information associated with the specific piece of ground 
(ERDAS, 1997).
Medical geographers and epidemiologists have used GIS since Snow drew dots and X’s 
on a London map to demonstrate die geographic relationship between water pumps and die 
residences of cholera cases (Snow, 1989). It is no surprise that the digital computer-map which 
blends pictures (space) with information (attributes) is now used in a variety of medical 
applications.
Projects that have employed RS/GIS technology include monitoring and control of 
human and animal populations or mineral exploration (Sanson, Pfeiffer & Morris, 1991;
Schukken et al., 1992). This is illustrated by publications dealing with studies on gonorrhea 
(Becker et al., 1998), evaluating salmon habitat in the Pacific Northwest (Lunetta et al., 1997), 
investigating calving habitats of elk in prairies (Blan and West, 1997), and identifying sulphide 
mineralized zones in India (Venkataraman, Babu Madhavan and Ratha, 1997).
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2.11. REMOTE SENSING EARTH’S PHENOMENA
Remote sensing of the environment is the detection of a characteristic from a distance. In 
this study, the earth’s electromagnetic reflective spectrum or emitted thermal energy are detected 
by satellite borne instruments (Avery and Berlin, 1985). One type of remote-sensing satellite is 
geostationary and orbits around the equator at a speed equal to the rotation of die earth, 
remaining at a fixed point relative to the earth’s surface. The second type is a polar-orbiting 
satellite which repeatedly circles the earth pole to poll recording data from different swaths of the 
surface as the Earth rotates under the satellite (Lillesand and Kiefer, 1994).
The National Oceanographic and Atmosphere Administration (NOAA) version of the 
polar orbiting satellite is the Advanced-Very-High-Resolution-Radiometric (AVHRR) series. 
AVHRR satellites complete 14.1 orbits of the Earth per day supplying two complete global 
coverages per 24 hours. Table 2.1.1 provides relevant spatial and spectral details.
The French Satellite Pour l’Observation de la Terre (SPOT) has the highest spatial 
resolution polar-orbiting satellite that is commonly used but this satellite system has the 
narrowest swath width. Landsat TM is the third polar-orbiting satellite, commissioned in late 
1983.
The selection of a satellite system is a compromise between temporal, spatial and 
spectral resolutions. Each satellite system combination is fixed and the choice is therefore among 
systems not their components. The selection of a satellite system must be based on the biological 
characteristics of the Earth’s surface phenomenon of interest and for example, the measurement 
of the electromagnetic reflectance from an acrid environment. The Landsat T.M. satellite 
measured electromagnetic reflectance values are the reflectance from the surface of a 30-m2 area. 
They are not direct measurements of the physical/biological entity that may have emitted that 
spectral reflectance at that specific spatial resolution and moment in time. This surrogate value
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can be used to represent the physical/biological entity and may be statistically associated with die 
incidence rate of visceral leishmaniasis or other attributes as revealed by GIS.
TABLE 2.1.1 
Characteristics of Satellite Systems 
The spectral, spatial and temporal resolutions of commercial remote sensing systems:
Satellite Pour I’Observation de la Terre (SPOT), Landsat Thematic Mapper (T.M.), National 
Oceanic and Atmospheric Administration (NOAA) and Advanced Very High Resolution 
Radiometer (AVHRR)___________________________________________________
Satellite Spatial Swath width Spectral Wave Length Temporal
SPOT
Band 1 10 meters 60 km panchromatic;.51-0.73 pm 26 days
Band 2 20 meters 60 km multispectral; 0.51-.59pm 26 days
Band 3 20 meters 60 km multispectral; 0 .61-68pm 26 days
Band 4 20 meters 60 km multispectral; 0.79-.89pm 26 days
T. M.
Band 1 30 meters 185 km 0.45-0.52 pm 16-18 days
Band 2 30 meters 185 km 0.52-0.60 pm 16-18 days
Band 3 30 meters 185 km 0.63-0.69 pm 16-18 days
Band 4 30 meters 185 km 0.76-0.90 pm 16-18 days
Band 5 30 meters 185 km 1.55-1.75 pm 16-18 days
Band 6 120 meters 185 km 2.10-2.35 pm 16-18 days
Band 7 30 meters 185 km 10.40-12.50 pm 16-18 days
AVHRR
Chan 1 1.1 km 2000 km 0.58-0.78 pm 12 hours
Chan 2 1.1 km 2000 km 0.72-1.10 pm 12 hours
Chan 3 1.1 km 2000 km 3.55-3.93 pm 12 hours
Chan 4 1.1 km 2000 km 10.30-11.30 pm 12 hours
Chan 5 l.l  km 2000 km 10.50-11.50 pm 12 hours
The spectral resolution are t le electromagnetic wavelengths in pm
Spatial resolution is given as the instantaneous field of view at sensor nadir 
Source (Hay, Packer and Rogers, 1997)
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Extensive research has related the association of satellite measured electromagnetic 
reflectance to specific Earth surface chacteristics. The reflective bands or channels have been 
used directly. The Landsat T.M. band 5 is used to detect water either directly via algorithms. The 
nnrmaligarf-Hiflferance vegetation index (NDVI) ofthe AVHRR Systran is NDV1 = Ch2- Ch, /Ch2 
+Ch, and has been used extensively to study vegetation. Active rapidly growing vegetation may 
be detected with the Landsat T.M. band 4-band 5-band 3 combination (Valor and Caselles,
1996; Goetz, 1997; Abeyta and Franklin, 1998; Lyon et al., 1998).
TABLE 2.1.2
Remote Sensing Applications 
Principal applications of spectral regions of visible-infiared remote sensing data and the satellite 
systems used to capture the spectral region. ____________________________________
Satellite Channel Principal Use
T.M. Band 1—Blue Water body penetration, forest-type mapping
T.M., SPOT Band 3—Green Plant vigor assessment
T.M. Band 5-near infrared Surface water
T.M., SPOT, 
AVHRR
Near-infrared Discrimination of vegetation type, density, 
biomass content, water absorption and soil 
moisture
T.M. Mid-infrared Vegetation moisture content and soil moisture
TM.,AVHRR Band 6-Thermal Vegetation stress analysis and soil moisture 
discrimination
T.M.,SPOT,AVHRR NDVI Vegetation and biomass
T.M. Tasseled Cap Vegetation, moisture, and brightness
T.M. Mineral Indices Surface Mineral content
(Washino and Wood, 1994)
Table 2.1.1 and Table 2.1.2 depict die nature of remotely sensed information and die 
uses of die surrogate indices. The selection of satellite system is limited by the availability of 
images that are not affected by atmospheric water content (rain and clouds). The number of cloud 
free satellite images for Louisiana and Northeast Brazil are very limited. For example, only one
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o f300 Landsat TM images covering the Ceara area of Brazil and archived in the Brazilian Space 
Agency, Institute Nacional Espaciai (INPE) is cloud fiee.
During the past 10 to 15 years, die literature has included articles advancing the potential 
for application of remote sensing in epidemiological studies (Hay, Packer and Rogers, 1997). 
Arthropod- borne diseases are suitable study candidates for remote sensing methods because 
insect vectors are sensitive to temperature, humidity, vegetation, and rainfall. Although remote 
sensing does not detect any of die climate or environment variables directly, remote sensing 
equipment via the spectral reflectance composition creates surrogate indices which correlates with 
specific conditions on die surface of die Earth.
TABLE 2.1.3 
Satellite Vector Studies
Use of remotely sensed surrogates for study of arthropod vector diseases
Disease Researcher Satellite Systran Population/Objective
Leishmaniasis (Cross, Newcomb and 
Tucker, 1996)
AVHRR U.S. Military
Malaria (Beck et al., 1994) Landsat T.M. Chiapas, Mexico
Malaria (Thomson et al., 1996) AVHRR Breeding sites
Lyme Disease (Dister et al., 1997) Landsat T.M. Peridomestic Risk
Rift Valley Fever (Linthicum et al., 1990) AVHRR Africa
Malaria Control (Woodetal., 1991) Landsat T.M. California
Surrogates commonly used in remote sensing are created from the bands indicated in 
Table 2.1.3 applying mathematical algorithms. A limited number of hybrid combinations among 
satellite systems can also be created by blending SPOT 10-m2 resolution panchromatic image data 
with Landsat T.M. spectral data resulting in increased Landsat T.M. spatial resolution.
Effort has been devoted to applying and verifying associations between the indices as 
determined by satellite and physical characteristics. Successful applications include mineral
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exploration, agricuiture-crop-yield prediction, forest damage evaluations, wildlife counts, and 
monitoring hurricanes. A variety of indices may be used for diverse purposes over different spatial 
and temporal groupings.
Remote sensing provides foe ability to study Earth surface conditions from a spectrum of 
temporal and spatial perspectives that have not been previously available. Satellite determined 
indices combine several micro-climatic factors such as local rainfall, temperature, soil conditions 
into a spectral reflectance value. For example NDVI, can indicate specific vegetative conditions 
that may be correlated with disease attributes such as incidence density or prevalence rates. 
Remote sensing can augment foe understanding ofthe life cycle requirements for foe vector of 
calazar which is unduly affected by temperature, humidity, wind, and moisture.
2.12. VECTOR BORNE DISEASE EPIDEMIOLOGY
The relationship between a vector-bome disease and the environment is complex and 
difficult to study. The final outcome, disease, is a function ofthe hosts immune system, 
probability of and duration o f exposure to the disease agent, the pathogenicity of foe etiological 
agent, the number of disease agents present, the nature ofthe vector, transmission capacity of the 
vector, foe number of vectors, and foe proportion of vectors infected with the disease agent.
The numbers of susceptible hosts, infectious agents, and suitable vectors are important 
for the establishment of a specific disease in a population (Scott and Smith, 1994). This 
relationship has been well modeled by several researchers but especially by Dye (Dye, 1992). The 
conclusion then is that the number of vectors capable of transmitting the disease agent is 
important and any factor that influences the number of vectors may impact the incidence rate of 
foe disease.
Extensive effort by researchers have tried to determine the factors that influence vector 
population numbers (Anderson et al., 1996). A common current in the literature has been the
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significant effect o f climate and environmental factors on die fide and reproduction of the 
arthropod vectors (Thomson et al., 1996; Hay, Snow and Rogers, 1998). Fortunately, there are 
many ways of measuring and detecting the association between die climate and the environment 
and the vector’s role in disease.
The number of vectors and many climate variables can be measured directly by sampling 
the vector population and measuring climate factors such as rainfall at a specific surface point 
and time (Morrison et al., 1995). The possibility exists to measure the vector transmission 
capacity and the environment indirectly by using disease information (number of cases/time) and 
remotely sensed environmental data (Cross, Newcomb and Tucker, 1996; Thomsen et al., 1996). 
Unfortunately, surface environmental and climate information gathering stations are few, rarely 
located in study areas, and collect information for other purposes (Critchfield, 1983). Rremote 
sensing methods are expensive, only recently available and lack wide academic acceptance (Hay 
etal., 1996b).
2.13. VECTOR-BORNE EPIDEMIOLOGY STUDY-DESIGNS
The epidemiological study designs used to assess the relationship between disease and 
vector have principally been descriptive and cross-sectional in nature (Cross, Newcomb and 
Tucker, 1996; Yaghoobi-Ershadi and Javadian, 1996; Hightower et al., 1998). Few longitudinal 
studies, retrospective or prospective, case-ccntroi or cohort, can be found in the literature despite 
the advantages provided by a longitudinal study (Esteve, Benhamou and Raymond, 1994).
The major advantage of long-duration, longitudinal, case-control studies is that this 
design can supply sufficient observations over time to provide estimates for relatively rare acute 
or chronic disease outcomes (Klienbaum, Kupper and Morgenstem, 1982; Dwyer et al., 1992). 
This advantage can be enhanced if the longitudinal study provide for stratification into 
homogenous risk categories and reduce foe effect of confounding or dilution of data which is
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caused by collapsing high risk with low risk strata (Esteve, Benhamou and Raymond, 1994; 
Bailey and GatrelL, 1995).
A well designed case-control study of a rare disease must have a sufficient number of 
observations to supply power for the precise estimation of a statistical model, based on a Poisson 
distribution of bivariate data resulting in strong valid measures of association (Rosner and 
Munoz, 1992; Clayton and Hills, 1993; Esteve, Benhamou andRaymond, 1994).
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CHAPTER THREE 
CLIMATE, TOPOGRAPHY AND DEMOGRAPHICS
3.1 . CLIMATE OF NORTHEAST BRAZIL
The climate of Northeast Brazil (NE) is classified as dry arid to arid tropical (Critchfield, 
1983). The geographic location of Northeastern Brazil is between 1° S to 18° S and 35°W to 
47°S and encompasses one million square kilometers with a population of 30 million. The notable 
characteristic of die climate in Northeast Brazil is the huge variation in inter-annual rainfall with 
notorious droughts (“secas” ) which occur periodically (Rao, De Lima and Frachito, 1993).
The boundary of the drought area is difficult to define because of large annual 
fluctuations in die amount and location of die rainfall The large area includes, from north to 
south, the states of Piaui, Ceara, Paraiba, Pernambuco and Bahia. The dry area (Sertad) which 
has the potential to be affected by drought is roughly 400,000 square kilometers (See Figure 3). hi 
the Sertad die average rainfall is less than 760 mm with some areas below 400 mm. The 
temperature varies between a daily mean low of 23° C to a mean high of 32° C. There is a greater 
fluctuation in diurnal temperature than variation in the monthly mean daily highs and lows.
The rain pattern generates additional devastating ecological effects beyond drought 
Seasonal floods and droughts are extremely localized and vary yearly from region to region and 
date of onset. The rainfall is concentrated over a few days and is not spread throughout the year. 
For example, Petrolina, located in die dry area, received 533 mm of rain over 43 rainy days in 
1989 but most of this precipitation was recorded a few hours during die 13 days that recorded 
more than 10 mm of rain daily.
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The distribution of floods or droughts is extremely localized and is variable from region 
to region in successive years. The drought and flood pattern is interrupted by periods of up to 5 
years without rain that results in crop failures and causes mass migration of people from the 
interior to the costal urban areas, especially 1983-84,1993-94,and 1998.
The second striking characteristic ofthe Brazilian Northeast climate is the extensive 
amount of cloud cover and the nocturnal rainfall pattern. Rain usually fells during January, 
February and March. The distribution of rain is highly localized with precipitation confined to 1 
to 2 km2 areas and adjacent areas devoid of moisture (Da Cunha, 1957).
3.2. TOPOGRAPHY OF CEARA
Ceara is one ofthe smallest states of Brazil and it is located on the north east coast 
between longitude 3° to 7° South and latitude 37° to 41° West (See Figure 3). The state has more 
than 600 km of coast line and extends 600 km inland. The climate is bi-seasonal with a 6-month- 
dry season alternating with a 6-month-rainy season on the coast. Inland, the dry season is much 
longer in duration. The mean maximum temperature is 30° C and the mean minimum is 24° C and 
there is a larger diurnal temperature variation compared to monthly mean temperature 
(IPLANCE, 1995a).
The elevation is generally below 150 m above sea level but rises to a plain at 600 
m elevation in the interior. The interior o f the state is spiked with impressive crystalline-rock 
massifs which tower over 1000 m. These formations cause large variations in local precipitation 
patterns over a few kilometers (Trewartha, 1981). There are few meteorological stations in the 
interior and local climate conditions are not recorded.
The interior of Ceara, as well as several other north eastern states, is included in the Sertao. This 
area receives markedly less rain than the costal areas and at times receives no rain for a year or 
two ( See Figure 4).
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The interior of the state is well described in the Lonely Planet’s Brazil Travel Survival
Guide (Draffen et al., 1996).
“Should you stray inland onto the Sertao, you will see a rugged, 
drought-plagued land, a bleak landscape of dust and caatinga, peopled 
by vaqueiros (cowboys) who rely on their cattle for about everything—
For all its size and wealth of culture, much of Ceara is poor 
and undeveloped. Poverty and disease are rampant and dengue and 
yellow fever are endemic.”
3J. TOPOGRAPHY OF CANINDE MUNICIPALITY
The Municipality of Caninde is located approximately 113 km inland from the capital city 
of Fortaleza (See Figure 5). The administrative center ofthe municipality of Caninde is the city of 
Caninde. The geographic location of die city is longitude 39° 18* 32" West and latitude 4° IT  32" 
South at an altitude of 149.73 meters. The area ofthe municipality is 2,883 square kilometers 
(IPLANCE, 1995b).




Ceara Municipality Map Including Caninde
The eastern part of the Municipality that includes the City of Caninde is a plain composed 
of Precambrian rock. Western Caninde is a foothill area with many high plateaux with soil high in 
calcium content. Caninde city is at an altitude of 150 m in the plain between the Baturite elevation 
to the east and the Sierras of Caninde to the west. The highest peak in the Sierras of the west 
section in Caninde has an elevation of 1,085 m and most of these western plateaux range between 
300 and 600 m above sea level. The western foothills drop off on their west side to another 
elevated plain at 290 m above sea level in the Municipality of Santa Quiteria.
3.4. CULTURE AND ECONOMICS
Caninde, a municipal district, was created in 1846.The annual religious pilgrimage, O 
Santuario de Sao Francisco das Chagas initiated in 1775, attracts over 250,000 fervent believers 
to pray, promise, and beg favors of Sao Francisco de Assis. This religious event occurs annually
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from late September to early October. The desolate harsh land of subsistence existence breeds 
superstition and a fanatical dedication that are characterized by this pilgrimage (Da Cunha, 1957; 
Stafi; 1998).
The 1991 municipal per capita income ranks 105 out of 184 Municipalities in Ceara. Not 
only does die municipality have poor soil but the precipitation is scarce and erratic. The long term 
average rainfall is 756.1 mm per year and die 20 year (1976-1995) rainfall ranged from the 1993 
minimum of 190.5 mm to a maximum of 1677.8 mm in 1985. This low precipitation occurs at a 
tropical latitude where evaporation is inordinately high. Meager rainfall dictates the type of 
vegetation and limits agricultural production.
Dense caatinga bush, the natural vegetation, covers 60% ofthe area. Less dense caatinga 
and dry land forest covers 38% of the land while only 2% or 58 km2 is humid woodland. The 
caatinga forms dense thickets and the plants have thorns which impede passage through the 
underbrush (Da Cunha, 1957). Traditionally agriculture is confined to cattle and goat ranching 
with sharecropping arrangements between the large landowners and landless workers (Da Cunha, 
1957).
The culture, climate and the absence of naturally productive soils have left the area poor 
and undeveloped. The population from 1970-1991 has steadily increased by 22% from 50,652 in 
1970 to 61,650 people in 1991 and has become urbanized as displayed graphically in Figure 6.
Caninde like other rural municipalities of Ceara, experienced little immigration into the 
region. It is estimated that 97.67% of rural residents live in the municipality of their birth 
(IPLANCE, 1995a). Migration has occurred from the rural areas into Caninde city or Fortaleza 
due to the poverty, lack of productivity and poor employment opportunities in the countryside.
Indoor plumbing., electricity and running water is limited to the city of Caninde.Data 
collected in 1992 show that only 123 rural residences of approximately 10,000 have electricity
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and 28,930 o f61,650 people supplied with running water in Caninde Municipality. The total 
water distribution system consists o f28,787 meters which suggests that most of die system is 
located in the city of Caninde. Further indication of poverty and lack of discretionary income is 
the paucity of vehicles with only 1,543 cars, trucks, and buses licenced in the Municipality.
Figure 6
Graph 3.5 Caninde Population Changes











The health infrastructure in 1992 consisted of one hospital with 19 health posts spread 
throughout die Municipality. The system was staffed with 34 physicians, 6 dentists and 57 nurses 
with total capacity of 126 beds. The health system is part ofthe Fundagao Nacional de Saude 
(FNS) the national health system of Brazil. The FNS system also employs 103 agents that 
implement a variety of health care, secretarial, and administrative functions (IPLANCE, 1995b).
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3.5. HISTORY OF VISCERAL LEISHMANIASIS IN BRAZIL
The Brazilian Northeast registered 90% of Brazil’s visceral leishmaniasis cases. Hie state 
of Bahia has an incidence density of 5 cases /100,000 person years. Ceara has a 15-year state 
wide average o f265 cases annually in a population of 6.3 million, resulting in an estimated 
incidence rate of 4.2 cases /100,000 (IPLANCE, 1995b). The Municipality (County-Parish) of 
Caninde, has an annual average of 20 cases per year and a population o f61,827 with an estimated 
incidence rate o f32.25 cases /100,000 (IPLANCE, 1995a).
The disease pattern is cyclic with the yearly incidence rate varying in Ceara from the 
1980 low of 82 cases to a high o f490 cases in 1995. A similar cyclic pattern occurs in 
Municipality of Caninde. The Ceara disease pattern at the state and Municipal level reflects the 
rural-to-urban-disease shift observed in the national pattern. Figure 7 illustrates the cyclic nature 
ofthe incident calazar cases in Ceara from 1980 to 1996.
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Figure 7
Graph 3.6.6 Annual Ceara Calazar Cases
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The number of cases occurring in rural Caninde during the peak of the 1983-84 disease 
cycle was 60 cases per year, incidence density (ID) = 102/100,000, in a population of 
approximately 59,000. The disease peak of 1993-95 cycle was 33 cases per year, ID= 
54/100,000, in 61,000 people. In the city of Fortaleza the opposite occurred; die 1983-84 disease 
cycle peak recorded 54 cases (ID = 1 case /100,000) and die 93—95 peak tabulated 63 cases per 
year (ID =1 case /100,000) with respective population numbers o f5,400,000 and 6,400,000 
(Anonymous, 1996).














Graph 3.4.4 Caninde Municipality Calazar Cases
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CHAPTER FOUR 
MATERIALS AND METHODS
The materials and methods described in this section were applied to studies in the 
Municipality of Caninde and die state of Ceara. Section headings list die methods used and 
designated die study area: municipality or state.
4.1. STUDY DESIGN
4.1.1. The study design used in the Caninde Municipality visceral leishmaniasis 
analysis was based on a longitudinal case control format with juveniles rotating through the 
infont-age 9 study panel. The cases were the 2-by-2 km squares that one or more juvenile- 
calazar-FNS/CE patents listed as their resident address. The control 2-by-2 km squares were 
squares that contained houses and not listed as patient home addresses (see Sections 4.3.2 and 
4.3.3).
The observations were restricted to juvenile patients from neonatal through 9-year old 
children. Specific children were not observed for 17 years but an age-cohort panel, comprised of 
juveniles rotating into the panel at birth and exiting the cohort at age ten, supplied the seventeen 
annual observations.
The response variable was the annual-calazar-incidence density for each 2-by-2 km 
square (see sections 4.3.2 and 4.3.3). Yearly precipitation, a 2-level time period, and a 3-stratum 
region based on a topographic-geographic division comprised die explanatory variables
4.1.2. The design for Ceara state employed 17 annual calazar incidence densities and 
annual precipitation observations in a descriptive longitudinal model. The ordinal response 
variable was the calazar incidence density for all age-cohorts in the 149 municipalities with 
explanatory variables selected from a 5-level topographic variable, a 3-division percent young
34
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variable, die 3-strata percent of population rural variable, and die 4—level 3—' Year Rolling 
Rainfall Average.
4.2. GEOGRAPHIC INFORMATION SYSTEM (GIS) METHODS
4.2.1. All observations for this project, alphanumeric (attribute) data and coordinate- 
graph (map) data, were stored in Quattro Pro 8 (Corel, 1997). Data was sorted or manipulated 
within Quattro Pro or directly exported to further process or analyze the data.
4J2.2. The statistical analyses were completed in S-PIus 4.5 (Mathsoft, Inc., 1998), 
S+Spatial Stats (Data Analysis Products Division, Mathsoft, Inc., 1997) or SAS 6.12 (SAS 
Institute hie., 1996).
4.2.3. Graphic manipulation and geographic querying were conducted in Arc View GIS 
(ERDAS, 1997). This software program has been developed specifically to incorporate 
geographic coordinates into a data base.
4 3 . SATELLITE IMAGES AND IMAGE PROCESSING
4.3.1. Table 4.3.1 lists the image types and sources ofthe images used in the project.
TABLE 43.1 
LANDSAT T.M. IMAGES
Date Bands Projection Spatial Resolution Source
9/25/86 13,3,4,5,6,7 UTM, WGS84, South 24 30 meters EROSf
7/2/96 4,5,6 UTM, WGS84, South 24 30 meters INPEf
tEROS Data Center, Sioux Falls, South Dakota
*Insituto Nacional De Pesquisas Espaciais, Dos Campos, Sao Paulo, Brazil
4.3.2. All satellite images were rectified (geo-referenced). This is the process of 
projecting spherical coordinates onto flat surfaces by using map coordinates or geographic 
position system (G.P.S.) coordinates collected on the ground at identifiable positions in the 
satellite image. The Caninde satellite image rectification used G.P.S. points from a collection of 
33 readings that were recorded wife a Magellan G.P.S. unit between September 10-25, 1997 by
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the Funda^ao Nacional de Saude (FNS/CE) employees and author. The rectification for each 
image used a 2nd order polynomial transformation with a root mean square error (RMS) of less 
than one.
4.3.3. The Caninde Municipality area, approximately 80 km2, was removed from each 
large 400-Mb image (sub set) and processed as a separate 110-Mb image. Bach Caninde image, 
1986 and 1996, used die 4—5—3 band combination from Landsat TM images to determine die 
areas in die Municipality covered with foothill-type actively-growing vegetation .
These images were classified into 100 spectral classes by applying the ERDAS Imagine 
ISODATA classification procedure. ISODATA classification is an iterative cluster analysis 
classification using a minimum distance decision rule maximum likelihood classification method 
(ERDAS, 1997). This study set parameters for the Isodata classification at a 2 standard deviation 
limit with a convergent threshold of .950.
4.3.4. Both the Landsat images used in this study were contaminated with clouds and 
cloud shadows that obliterated parts of the study area and distorted ground phenomenon 
reflectance. A satellite image mask was created to remove the cloud reflectance contamination by 
overlying the 100 category-isodata image on the original image and removing cloud-cloud shadow 
areas. This procedure effectively eliminated the distortion in reflectance caused by the clouds and 
facilitated image analysis.
The reflectance from pixels in the margins surrounding the cloud-cloud shadow areas 
created problems. The measurements recorded from the margin areas represented a combination 
of ground reflectance and cloud-cloud shadow values. A highly sensitive mask was selected which 
completely blocked out potential cloud-cloud shadow values at the cost of eliminating similar 
reflectance values from real ground phenomena. The first 37 classes and the highest 25 values out
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of the 100 total classes were labeled as cloud shadows and clouds, respectively, and were masked 
out of die image.
4.3.5. The cloud masked images then were classified with ISODATA into 50 categories 
applying die procedures listed in 4.3.3. Each masked-classified was clumped and sieved to retain 
homogenous areas for further processing that were larger than either 200 (approximately 20 
hectares) pixel units.
4.3.6. The 50 spectral classes were visually categorized into a 4—class image based on 
vegetation-reflectance values by comparing each of the 50 spectral classes to die original 4-5-3 
band image.
4.3.7. The 4—class image was passed through the proximity search procedure which 
determined the distance in number of 30-rn2 pixel units from the center of the sieved 20 or 50 
hectare area class groups.
4.3.8. The Imagine software program Area of Interest tool (AOI) was used to create a 
grid o f873 (2-by-2 km) squares based on coordinates from a 1974 Universal Transverse 
Mercator map, scale 1:100,000, supplied by Fundagao Institute Braziliero De Geografia E 
Estatistica (EBGE) which covered the entire surface of Caninde Municipality (Figure 9).
4.3.9. The 295 squares that contained houses (see sections 4.4.2. and 4.4.3.) 
were fused into a separate raster image that was used in die Imagine summary technique to 
extract statistics on the reflective values of each 2-by-2 square. The summary statistics for each 
2-by-2 square were transferred into Quattro Pro and used as surrogate values to represent the 
Earth’s physical features covering die surface of each 2-by-2 square. These summary statistics 
were used in cluster and Poisson logistic regression analysis.
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Caninde Calazar Cases 
1981-1997
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Graph 4.00 873 (2-by-2) Square Map of Caninde, Calazar Incidence Density & Houses
Black Center of 2-by-2 km2 Square
Yellow Square with houses and without Calazar Cases
Green Squares with houses and Calazar Cum. Incidence Density < 0,< 100
Large Green Squares with houses and Calazar Cum. Incidence Density <100, <250
Blue Squares with houses and Calazar Cum. Incidence Density <250, <500
Purple Squares with houses and Calazar Cum. Incidence Density <500, <750
Small Red Squares with houses and Calazar Cum. Incidence Density <750, <1250
Large Red Squares with houses and Calazar Cum. Incidence Density <1250
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4.3.9. The 295 squares that contained houses (see sections 4.4.2. and 4.4.3.) 
were fused into a separate raster image that was used indie Imagine summary technique to 
extract statistics on the reflective values of each 2-by-2 square. The summary statistics for each 
2-by-2 square were transferred into Quattro Pro and used as surrogate values to represent the 
Earth’s physical features covering the surface of each 2-by-2 square. These summary statistics 
were used in cluster and Poisson logistic reg ressio n  analysis.
4.3.10 The raster image containing die 295 (2-by-2) squares was overlaid on each of die 
1986 and 1996 20 and 50 hectare raster proximity images to determine die city, plain or foothill 
strata of each of the 295 (2-by-2) squares with houses. The satellite information was 
supplemented with altitude readings taken by FNSXCE field agents in conjunction with die G.P.S. 
points. A 1974 Universal Transverse Mercator map, scale 1:100,000, supplied by Fundagao 
Instituto Braziliero De Geografia E Estatistica (IBGE) was used to locate each 2-by-2 square in a 
city, plains or foothill stratum.
4.4. SOURCE AND LOCATION OF THE CANINDE CASES AND COHORTS
4.4.1. The number of cases diagnosed by FNS/CE health professionals in the state of 
Ceara during 1980-96 was documented in die 1996 annual summary of die Leishmaniasis 
Control Program (Programa de Controle das Leishmanioses, Ministerio da Saude, Fundagao 
Nacional de Saude, Coordengao Regional do Ceara). The 17 annual disease summary reports, for 
1981-97, from the FNS/CE Caninde office which were at the FNS/CE headquarters in Fortaleza, 
Brazil served as the source for die individual Caninde Municipality visceral leishmaniasis cases.
Each case signalment contained the name or initials of the patient, examination date, 
address, gender, age and diagnostic procedures used. Given die patient details contained in die 
summary reports there was little chance for double counting a patient
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4.4J2. A total o f333 patients treated for calazar by the Caninde FNS/CE physicians 
from 1980 to 97 were documented in the 17 annual reports. Since 15 of the 333 patients lacked 
addresses from Caninde or other signalment, 318 patients were retained in the study. All selected 
cases of visceral leishmaniasis had a house address (locality) which represented a name for a 
collection of houses in a section of Caninde City or in the outlying Municipality. If die patient 
listed on die FNS/CE summary form lacked a locality address or if Sr. Jose Maria, an experienced 
FNS/CE employee and lifelong Caninde resident, identified the listed locality address as from 
another Municipality the case was excluded from die study (Maria, 1998).
4.4.3. The FNS/CE Chagas Disease Control Program headquartered in the Fortaleza 
office supplied a list o f475 localities complete with the number of houses per locality used by the 
Chagas Disease Control agents for the 1991 Caninde Municipality house inspection.
4.4.4. An FNS/CE field agent, Sr. Jose Maria, established the specific 2 - km2 square 
identity for each of the 475 localities listed by the 1991 Chagas Disease Control Program based 
on a 1974 Universal Transverse Mercator map, scale 1:100,000, supplied by the Fundagao 
Instituto Braziliero De Geografia E Estatistica (IBGE) (Maria, 1998). Finally, 295 squares (City 
of Caninde covered part or all o f 5 squares) were entered in the data base with information on the 
number of houses per square. Each case of calazar, complete with case signalment, was identified 
with one of the 295 2 - km2 squares and recorded (See Figure 9).
4.5. CEARA AND CANINDE DEMOGRAPHIC DATA
The Anuario Estatistico Do Ceara 1995/96, the hiformagos Basicas Municipais-95 and 
the Informa^os Basicas Municipais-91 which are products of the Secretaria Do Planejamento E 
Coordena$ao (SEPLAN) and Fundcao Instituto De Planejamento Do Ceara (IPLANCE) supplied 
the demographic, economic and geologic information for both die Municipality of Caninde and the 
state of Ceara.
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4.6. CLIMATIC INFORMATION
Precipitation data for City of Caninde from 1973-97 was supplied by Fund^ao Cearense 
do Metorologia e Recursos Hidricos (FUNCEME). This organization also supplied rainfall data 
for the state of Ceara from 1980-96. FAOCLIM 1.2, Worldwide Agroclimatic Data, 1995 
complied by FAO Rome, Italy was the source of the climate statistics prior to 1980 .
4.7. CANINDE MUNICIPALITY GEOGRAPHIC-TOPOGRAPHIC REGIONS
The Municipality was classified into three geographic regions.
• The city of Caninde, which covers 5 of the 2-by-2 km squares.
• The Plains, the second region consisted of the rural area of the municipality not 
classified as foothills or city.
• The foothills domain, defined by Landsat T.M. images and maps, was the third 
geographic zone.
The process used for topographical classification of Caninde is described in section 4.3.10.
4.8. TOPOGRAPHICAL DIVISIONS OF CEARA STATE
4.8.1. The state of Ceara was divided into 5 topographic regions. The topographic 
categorization was based on geologic and altitude information contained in the following sources: 
The Anuario Estatistico Do Ceara 1995/96 (IPLANCE).
• Mapa Geologico Do Estado Do Ceara, 1983, Scale 1:500,000, no projection listed, 
produced by the Ministerio Das Minas E Energia (SUDEC).
• Jaguaribe Map, Lambert Conformal Conic Projection, 1978, Scale 1:1,000,000, 
produced by IBGE.
• MAPA ESTADO DO CEARA, 1994, Scale 1:500,000 produced by Divisao De 
Geografia E Cartografia, a division of IPLANCE.
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• LEVANAMENTO DO RECURSOS NATURAIS VOLUME 21,1981, Scale 
1:250,000, produced by EBGE.
4.8.2. The digital map of die boundaries for all the Municipalities of Ceara was 
supplied by die Divisao De Geografia E Caitografia (IPLANCE).
4.8.3. The Five topographic/geographic divisions of Ceara state are depicted in 
(Figure 10) and comprise:
Region 1 The littoral and river plains areas.
Region 2 The first series of foothills west or north of the Atlantic ocean.
Region 3 Interior low-lying plains which are located west or north of the first
series of mountains or foothills.
Region 4 Interior high plains with altitudes greater than 150 m above sea level.
Region 5 The second series of foothills or mountains located on the western or
southern state borders.
P lau i







Five Topographical Ceara Areas
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4.9. STATISTICAL PROCEDURES & MAPPING
4.9.1. Rainfall and case incidence data were analyzed for serial/time dependence using 
autoregression estimation via Yule-Walker equations which are contained in die S-PIus software 
package. These S-Plus models provide estimations of die correlations between observations 
separated by one to five time units and negative results indicate random independence of variables 
required by Poisson distributions.
4.9.2. The time difference between clinical symptoms and die examination date for the 
calazar patients was analyzed for both two-sample and multi-sample comparisons using 
parametric statistical techniques. Parametric distribution models were used because the frequency 
histogram of the observations approach normality and the differences between observations were 
considered to be independent observations (Neter et al., 1996). The two sample analyses were 
conducted with the S-Plus statistical package using one or two-sided tests at the .95 confidence 
level. The S-Plus software was also used for the One-way Analysis of Variance and the multi 
comparison procedures for several variables using the Tukey method and .95 confidence levels.
4.9.3. Cluster analysis and Tree Model procedures used in the analysis of the project 
data were incorporated in the S-Plus program. These models were used in data exploration and as 
methods to catagorize the precipitation into rainfall groups and the 2-by-2 squares into foothills or 
plains strata.
4.9.4. The logistic regression analysis was completed in SAS (6.12) using die logistic 
(logit) regression function based on a Poisson distribution and bivariate data. The model selected 
for analysis was tested for fitness with the deviance, Pearson, and the Hosmer and Lemeshow 
Goodness-of Fit Tests. These three tests are formal statistical tests for the goodness-of-fit for 
logistic regression models and supply an objective measure of how well the selected model fits the
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data. If the goodness-of-fit statistic is not adequate for die selected logistic regression model, die 
model should not be used because it will generate incorrect associations ( Agresti, 1996)
Continuous response variables can be divided into ordinal variables and used in logistic 
regression models that incorporate die ordering (Adresti, 1996). Often, die continuous response 
variable is categorized because die logistic regression model, with the continuous response 
variable, has inadequate deviance and Pearson fit statistics and die ordinal-response-logistic 
regression model has adequate Hosmer and Lemeshow statistics.
4.9.5. All graphs were generated using the S-Plus software package.
4.9.6. Maps used in the project were composed in Arc View or IMAGINE using the map 
composing capabilities contained in each software package.
4.10. CANINDE & CEARA RAINFALL MODELS
The precipitation data was collected for the years 1973 through 1997 in the town of 
Caninde and not for the outlying rural areas. The Ceara state rainfall information was listed by 
month from 1980-1996. The annual rainfall was incorporated into 4 models by using 4 different 
averaging methods.
• 3-Year Average Model: The average of precipitation during the three preceding
years was calculated and used as the rainfall data input 
for that year.
2-Year Average Model: Average rainfall calculated by using the two preceding
years precipitation.
• 3-Year Rolling Average: Average rainfall calculated by using the two preceding
years combined with the current year rainfall.
• 4-Year Rolling Average: Computation of an average from the three preceding
year’s rainfall and the current year rainfall.
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4.11. CANINDE MUNICIPALITY POPULATION SIMULATION MODELS
Caninde incidence density rates were based on the FNS/CE case data and the population 
IPLANCE census data reported for years 1980 and 1991. The respective Caninde census years 
were used to simulate die population for the IS years lacking census numbers based on 6 
population assumptions.
Model 1 Straight line interpolation (SLI) determined by die percent change from
the 1980 population to the 1991 population based on the IPLANCE 
census figures assuming a straight line decrease in the rural population 
and a straight line urban population increase.
Model 2 This model assumed that the populations were constant until the mass
migration from the rural areas into the city of Caninde during the 1984 
and 1994 drought periods. It was accepted that the migrations occurred 
during the 1984 and 1994 years and that populations were stable in the 
intervening years.
Model 3 The migration return model assumed that the initial movement resulted in
a 25% reduction in rural population at risk and a 25% increase in the 
urban population. The reduction or increase lasted two years with 10% 
of the population returning to the rural areas and leaving the city of 
Caninde during the third year and another 5% (total reduction of 10%) 
migrating home the fourth year. In the fifth year the rural/urban 
populations returned to the straight line interpolation population 
numbers.
Model 4 The model incorporated a 10% random-number-generated-annual
variation about the straight interpolation 1980-91 line.
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Model 5 This model assumed a 25% random-number-generated variation about
die straight line 1980-91 interpolation.
Model 6 Model 6 assumed a 25% urban and a 10% rural random-number­
generated variation about two interpolation lines. The rural area 
interpolation line had one point based 10% higher than the I981census 
number and second point 10% below die 1991 census data number. The 
assumption was reversed for die urban line with die peak occurring in 
1980 and die trough in 1991. This model essentially magnified die 
population changes which occurred between the rural and city regions.
4.12. CEARA STATE POPULATION SIMULATION MODELS
Four Ceara state population simulation models were created based on assumptions about 
the size and variation of the annual population for each municipality. These population estimates 
were than used to calculate die annual incidence densities for each municipality.
Assumption 1- A straight-line interpolation model based on 1980 and 1991 state censuses.
Assumption 2- A interpolation model with yearly, random-number generated 25% 
variation about die Assumption 1 interpolation line.
Assumption 3- A model with random number-determined 10% variation about the 
Assumption 1 interpolation line.
Assumption 4— A model incorporating a 25% random-number-determined variation for 
the municipalities with an urban population of more than 75%, or a 10% 
variation for the municipalities with less than 75% urban population 
about die Assumption 1 interpolation line.
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4.13. CEARA STATE INCIDENCE DENSITY MODELS
Two ordinal categorical models with four levels were assembled for the annual incidence- 
density-rate-response variable for Ceara because logistic regression models based on the 
continuous incidence density response variables had inadequate deviance and Pearson model fit 
statistics. These two incidence-rate models tested whether die logistic regression robustness was 
sensitive to response variable categorization.
4.13.1. The higher incidence-rate-model for Ceara state had four category levels for the 
incidence density response variable:
• Low 0 cases to less than 5 cases per 100,000 /person years.
• Moderate 5 cases to less than 20 cases per 100,000 person years.
• High 20 cases to less than 40 cases /100,000 person years.
• Very High 40 or more cases /100,000 person years.
4.13.2. The low incidence rate model had four category breaks for the incidence 
density response variable corresponding to:
• Low Zero cases to less than 1 case per 100,000 person years.
• Moderate 1 case to less than 20 cases per 100,000 person years.
• High 20 cases to less than 40 cases /100,000 person years.
Very High 40 or more cases /100,000 person years.
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CHAPTER FIVE 
RESULTS
The analyses of the results for the project were divided into two parts. The first division 
Avails the results on the Municipality of Caninde. The second section contains the analysis for the 
state of Ceara. The results from die analysis for each section were based on die outcomes from 
intermediate analytical steps and are listed in order of use.
5.1. CANINDE MUNICIPALITY
The municipality was stratified into three geographic regions: The City, The Plains, and 


















City 6,652 5 5 20,289 30,023 79 16.5
Plains 6,275 168 33 22,862 18,513 67 20.3
Foothills 4,358 121 57 15,871 12,856 172 75.2
Total 17,385 295 95 59,022 61,392 318 30.7
t  FNS Chagas Disease Program Data
£ IPLANCE 1980 population with straight line extrapolation from 1980-91 populaton 
§ IPLANCE
a FNS/Ceara, All cases with Municipality Address
£ Calazar Cases/Incidence Density (17 year-straight line interpolation 1980-91 total)
The surface area of die Caninde Municipality was divided into 873 (2-by-2 km) 
squares and die number of squares with houses by region are listed in Table 5.1.1.
5.1.1. The Graph 5.1.1 / ’Calazar Cases by Age”, displays the cases by age and 
stratified by gender. Graph 5.1.1 is based on the 318 visceral leishmaniasis cases with Caninde 
addresses and treated by FNS/Ceara physicians (see Figure 11).
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Graph 5.1.1 Caninde Calazar Cases by Age
Caninde Municipality C alazar C a s e s  by Age Group and  Year
1961 -1997
SO
— Total C a se s
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Graph 5.1.2 Calazar Cases by Age Group and Year
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The Graph 5 .12, “Calazar Cases by Year”, depicts the cases of calazar by year based on 
two age groups, neonates to 9 years and age 10 and older, for the 318 calazar cases ( Figure 12). 
The minority the cases (17.6 %) were 10 years or older and Table 5.1.2 lists the category of the
56 adult cases by region as graphically depicted in {Figure 12}.
TABLE 5.1.2 
Caninde Adult Cases








City 21 6 15 370,229 5.7 37.5 6.6 2.7
Plains 8 2 6 245,904 3.3 14.3 2.5 1.0
Foot Hills 27 10 17 172,629 15.6 48.2 8.5 3.4
Total 56 18 38 788,762 7.1 100 17.6 7.1
f  Incidence Density per 100,00C population based on the Region’s population
§ Population in person years based on straight line extrapolation from 1980-1991 IPLANCE 
X Percent of adult cases 
£ Percent of 318 cases
$  Incidence Density based on total adult population-788,762 based an straight line interpolation 
The Graph 5.1.3 demonstrates that the case data were not serial or time autocorrelated 
based on Yule-Walker equations (see Figure 13) because die vertical time-period-lag lines did not 
cross die 95% horizontal confidence lines.
S erf a s  : pop4$Y C at
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Figure 13
Graph 5.13 Calazar Juvenile Case Autocorrelation Graph
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The majority of the cases in Caninde Municipality (82.4%) were less than 10 years old 

















Density f  
Adult Juv.
City 22,602 7721 25.55 % 21 58 2.7 19
Plains 12,887 5624 30.38 % 8 59 1 18.6
Foothills 9,110 3471 27.6 % 27 145 3.4 48.1
Total 44,599 16,816 27.38 % 56 262 7.1 85.7
1 1991 Census information IPLANCE
t  Incidence Density based on total cases during 1981-97 divided by Population in person years 
based on straight line extrapolation from 1980-1991 IPLANCE data
Table 5.1.4 lists the incidence density of die juvenile population of Caninde Municipality
by age, gender, and also includes the total person years at risk for each region based on the
straight line extrapolation from 1980-91 IPLANCE census information. Graph 5.1.4 (Figure 14)
also illustrates the juvenile age and region information.
TABLE 5.1.4












City 58 28 30 126,727 45.8 22.1 18.2 20
Plains 59 27 32 106,880 53.3 21.8 17.9 19.3
Foot Hills 145 64 81 72,285 203.4 56.1 46.2 47.4
Total 262 115 147 305,892 85.65 100 82.4 85.7
t  Incidence density per 100,000 population based on each Region's popu ation
§ Population based on straight line extrapolation from 1980-1991 IPLANCE data 
X Percent of juvenile cases 
£ Percent of 318 cases
$ Incidence Density based an child population o f305,892 based on straight line extrapolation
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Graph 5.1.4 Caninde Municipality Juveniles by Age and Region
5.1.2. The age and gender distribution of Calazar cases for the study period are shown 
Graph 5.1.5 fbrthe City of Caninde, Graph 5.1.6 for Plains cases, and Graph 5.1.7 for the 
Foothills (Figure 15, Figure 16, and Figure 17).
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Figure 15
Graph 5.1.5 Caninde City Calazar Cases by Gender and Age





Graph 5.1.6 Plains Calazar Cases by Gender and Age






Graph 5.1.7 Foothills Calazar Cases by Gender and Age
5.2. CHARACTERISTICS OF EXCLUDED CASES
Cases were excluded from the study if the address was identified as being from another 
Municipality, lacked an address or had missing signalment data. In all. 15 cases were excluded 
from the project out of the 333 Calazar cases (4.5 %) recorded in the FNS/Ceara activity 
summary data. The data is summarized in Table S.2.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
54
TABLE 5.2.1 
Characteristics of Excluded Cases
Number Female Male <10yearsf Adultf 1981-85 1993-95
15 4 11 8 6 12 3
f  2 cases wit i out age - I  oiF cases had adult occupation and classifier as adult
FNS/ Ceara records stored at FNS/ Ceara headquarters in Fortaleza, Brazil 
53 . SYMPTOMS AND DIAGNOSTIC HISTORY
5.3.1 Diagnostic criteria used by FNS/CE physicians were categorized for all cases and 
the diagnostic methods used an each patient were listed on the FNS/CE summary forms. The 
methods listed include:
• Preliminary examination based an clinical examination,
• Extended examination including clinical symptoms and epidemiological history, 
Direct microscope examination of blood or biopsy specimens,
• Serology,
• I. R. M. examination (Montenegro skin leishmanial antigen test,
• Other examination or laboratory tests.
Table 5.3. lists the diagnostic procedures with the number of patients.
TABLE 53.1
FNS/CE Diagnostic Met rods












Young 263 169 94 14 93 2 1
Adults 56 38 18 3 18 3 2
Excl.f 15 13 2 0 0 0 0
f  The 15 patients examined but excluded from the study 
FNSXCE Data Summary Information from 1981-1997
5.3.2 The FNS\CE summary contained information on the month that the patient 
exhibited clinical symptoms which resulted in presentation to the Health Service. The month of
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disease onset information was recorded for 104 of the 318 project cases and 114 o f333 total 
cases. Table 5.3.2 depicts the time interval between clinical symptoms and month of diagnosis by 
region.
TABLE 5.3.2
Time nterval between Symptom and Exam
Region Age Group/ Number Male Female Symptom /Exam 
Time Lag f
Plains Juvenile 17 10 7 2.25 Months
Plains Adult 3 3 0
Foothills Juvenile 38 22 16 1.91 Months
Foothills Adult 8 7 1
City Juvenile 22 11 11 2.92 Months
City Adult 16 14 2
Excluded Juvenile 5 5 0 4.5 Months
Excluded Adult 5 3 2
Total 114 75 39
fTime in months between notice of patient symptoms and FNS/CE Health Service exam 
/  Juvenile neonate through 9 years, Adult 10 years or older
5.3.3. The time lag between symptoms and examination date did not vary significantly 
among the three regions in the Caninde Municipality. This information is displayed in Table 5.3.3.
TABLE 5 3 J
,s yP»ptom-ExanriMrtion Pate Time Lag
Region Number Age group Mean f Std. Error
City 22 Juvenile 2.2 months .376
Plains 17 Juvenile 1.94 months .591
Foothills 38 Juvenile 1.93 months .357
f  Not significantly by Tukey method
The differences in time-lag between foe three regions were compared with Tukey method with 
simultaneous 95% confidence limits.
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5.3.4. The month during which die patient sought clinical help through FNS\CE was 
listed for each patient Graph 5.3.4 shows the month of examination by region for patients less 
than 10 years old (See Figure IS).
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Figure 18
Graph 5,3.4 Month of Examination for Juveniles 
5.4. CANINDE MUNICIPALITY INCIDENCE DENSITIES
Incidence cases and the resultant incidence density were based on the FNS/ Ceara case 
data and die population census data reported for years 1980 and 1991. Total population for die 
Municipality increased by 4 % during die time period from a 1981 population o f59,022 to 
61,3392 in 1991 (Table 5.1.1). There was an absolute decrease in die juvenile (under 10 years) 
population with die largest decrease in die foothills as illustrated by Graph 5.4. (Figure 19).
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5.4.1. The decrease in juvenile population occurred indie rural areas with a substantial 
increase in urban youth numbers. Table 5.1 lists die actual numbers of people and Graph 5.4.1 












01 88 91 96
Year
Figure 19
Graph 5.4.1 Caninde Municipality Population
Graph 5.4.1 also displays die straight line extrapolation used to derive the population 
numbers for the intervening years which formed the denominators for the yearly incidence rates.
5.4.2. In total, 6 population simulation assumption models were considered resulting in 6 
different curves based on the 6 estimates for the annual population sizes. The variations among 
the models can be seen in Graph 5.4.2 for die city juvenile inhabitants and Graph 5.4.3 for the 
foothills youth population numbers (Figure 20 and Figure 21 respectively). The population 
simulation models are described in Section 4.1.1.




— o—  Total Population 
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Total Juvenile
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Graph 5.4.2 City Population Simulation Models










Graph 5.4.3 Foothills Population Simulation Models
Model 1 Straight line interpolation (SLI)
Model 2 Mass migration without return
Model 3 Mass migration with return to the SLI
Model 4 10% variation about the SLI
Model 5 25% variation about the SLI
Model 6 25% urban 10% rural random number variation about die SLI
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The resultant incidence densities based on the 6 juvenile simulation models are illustrated 
for the foothills in Graph 5.4.4 and for the city in Graph 5.4.5 (Figures 22 and 23). The incidence 
densities (calazar cases / population) for each of these models were used to generate juvenile odds 
ratios for foe risk of calazar in foe foothills over foe risk of calazar in foe city for each year.
Graph 5.4.6 compares the juvenile odds ratio by year for the risk of calazar in foe foothills over 
foe city (Figure 24).
C anlnd*  CKy JuvarMla S im ulation M odal In d d an ca  D anaitias
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Figure 22
Graph 5.4.4 Caninde City Population Simulation Model Incidence Densities







Graph 5.4.5 Caninde Foothill Population Simulation Model Incidence Densities
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Graph 5.4.6 Juvenile Foothills : City Odds Ratio Comparisons
C aninde FoothiBs : City Maximum and Minimum O dds R atios
1981 - 1991
200
Maximum O dds Ratio 









Graph 5.4.7 M ax im u m  and Minimum Juvenile Foothills/ City Odds Ratio
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Graph 5.4.7 (Figure 25) emphasises the maximum and minimum range for the odds ratios 
of foe risk of calabar in foothills over the city determined from die 6 population simulation 
models. The m axim um  line is derived by selecting die largest foothills incidence density for a 
given year and dividing that incidence density by die smallest of die six city incidence ratios of 
that year. The minim um line has die reverse configuration as die source of graph points; this line 
portrays the smallest foothill incidence ratio divided by die largest city incidence rate of that year.
5.5. CANINDE MUNICIPALITY REGIONAL INCIDENCE DENSITIES
The differences in regional incidence density differences (foothill, plains, and city) were 
compared using the straight line population extrapolation method as the source of die denominator 
for each of the yearly rates. Graph 5.5.1 displays die regional incidence of calazar by year for the 
juveniles of die municipality. The aggregate yearly incidence density numbers were summed over 
the years and listed in Table 5.1.4.
Caninde Juvenile Incidence Density by Region
1961 - 1997









Graph 55.1 Caninde Regional Juvenile Incidence Densities
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The two graphs 5.5.1 and 5.5.2 feature the annual-calazar-incidence density respectively 
for the juvenile incidence rate by region and the total adult-jxrvenile population (Figure 26 and 
Figure 27 respectively).
Caninde Municipality Incidence Densities by Age Group
600
— Total Population
Total Juvenile Population 
— -  Total Adult Population 
















Graph 5.5.2 Total Adult-Juvenile Caninde Municipality Incidence Densities 
The incidence densities based on straight-line-based population interpolations were used 
as the input data to construct the Incidence-Density-Contour Graph 5.5.3 and the Incidence- 
Density-CIuster-Tree Graph 5.5.4 (Figures 28 and 29 respectively). A colored version of die 
Incidence-Density-Contour-Map Graph 5.5.6 and a Incidence-Denshy-Smoothing Graph 5.5.7







are also based on the same population control data and wore used in data exploration to determine 
regional strata (Figures 30 and 31).





















Graph 5J.4 Caninde Juvenile Tree Regression Map
347.4






















Graph 5.5.5 Caninde Juvenile Incidence Density Colored Contour Map
C aninde Municipality Sm oothed Incidence D ensity Map
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Figure 31
Graph 5.5.6 Smoothed Caninde Juvenile Incidence Density Contour Map
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5.6. CANINDE PRECIPITATION
Precipitation data was collected from 1973 through 1997 in the town of Caninde but not 
for the outlying rural areas. The Ceara state rainfall information was listed by month and totaled 
for foe years 1980-1987. The precipitation data was given by year. Graph 5.6. demonstrates lack 
of serial/time autocorrelation in the annual rainfall observations in the data set using the Yule- 
Walker equations to determine if a lag period exceeded the p=0.05 limit (Figure 32).
S e r ie s  : p o p 4 S R s in
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Figure 32
Graph 5.6. Rain Tune Series Autocorrelation
5.6.1. The rainfall models compared 4 different yearly rainfall averaging methods (see 
section 4.10) and are depicted in Graph 5.6. l(Figure 33).
4 Cnrtinde Average Raintell Models
2  R r i
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Figure 33
Graph 5.6.1 Four Rain Averaging Models
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3-Y ear C arrtnde Roiling RainfaB A v e ra g e  and C a ls a r  Incidence D ensities
19B1- 1937
— Juvenile Foothill Inc. Den.
1— 3-Yeer Roffing Rein Ava.
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Graph 5.6.2 3-Year Rolling Average Rainfall and Incidence Densities
5.6.2. The line graph 5.6.2 pairs die 3—year rolling rainfall average with die incidence 
densities of die same year (Figure 34). The histogram, graph 5.6.3 highlights die frequency and 
natural divisions displayed by of die 3-year rolling rainfall average (Figure 35).
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Figure 35
Graph 5.6.3 Histogram of 3-Year Rolling Rainfall Average
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5.7. CANINDE INCIDENCE DENSITY AND PRECIPITATION
Graph 5.7 displays die 3-year rolling rainfall average with die juvenile incidence density 
curve and a combined regional juvenile incidence density line emphasizing die relation between die 
fbothills-juvenile-incidence density and die 3-year rolling rainfall average (Figure 36).
3>Y*0rCanlnd« Rolling Rainfall Average and  Foothill C afazar Incidence Dans itv






Graph 5.7 Foothills and Combined Regional Juvenile Densities and 3-Year Rolling Rainfall. 
5.8. CANINDE LOGISTIC REGRESSION RESULTS
A logistic regression (logit) model was used to investigate the associations between 
rainfall, region, and incidence density. The logistical regression analysis was completed using die 
S AS (6.12) Proc Logistic procedure. The selected model met all criteria required to determine the 
fitness of a logistic regression model to die data (Agresti, 1996). The Deviance and Pearson 
Goodness-of-Fit statistics />-value = 0.93 and 0.94 respectively. The Hosmer and Lemshow 
Goodness-of-Fit Test statistic had a />-value = 0.852 and therefore acceptable.
The selected model also had a likelihood ratio test and Score statistics p  = 0.0001 which 
further confirmed the significance of this model. The above statistics were acceptable for the 
logistic models using variables from all 6 population simulation models and the 4 methods for 
averaging rainfall.
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5.8.1. Table 5.8.1 compares the parameter estimates and standard errors for die 6 
population-simulation-assumption models.
TABLE 5.8.1
Comparison of 6 Population Simulation Models






Intercept -9.2171 0.4147 -9.1854 .04139 -9.1727 0.4143
Foothills 1.4135 0.1251 1.4319 0.1250 1.4981 0.1252
Plains -0.2298 0.2586 0.2794 0.1840 0.3754 0.1844
Time Pd./ -0.2699 0.1419 -0.2605 0.1420 -0.2530 0.1423
Rain2f 1.1208 0.4736 1.0997 0.4378 1.0601 0.4379
Rain 3 % 2.2099 0.4182 2.1678 0.4182 2.1583 0.4182
Rain 4 £ 2.2219 0.4624 2.0846 0.4625 2.1180 0.4625






Intercept -9.1594 0.4142 -9.2087 0.4146 -9.2834 0.4184
Foothills 1.3119 0.1246 1.4077 0.1251 1.3656 0.1250
Plains 0.0158 0.1834 0.1977 0.1843 0.1765 0.1845
Time Pd./ -0.3746 0.1415 -0.2896 0.1419 -0.2059 0.1241
Rain2 f 1.1141 0.4375 1.1475 0.4376 1.1342 0.4378
Rain 3 £ 2.2333 0.4187 2.2083 0.4182 2.2156 0.4184
Rain 4 £ 2.1503 0.46.24 2.2179 0.4624 2.2325 0.4624
f  Yearly Rainfall greater than 60 cm and less than 90 cm.
% Yearly Rainfall greater than 40 cm and less than or equal to 60 cm rain per year 
£ Yearly Rainfall less than or equal to 40 cm per year 
/  Time period (1989-1997_
FUNCEME, source of Precipitation
5.8.2. The odds ratios for die 6 population simulation models showed minor variation and 
are listed in die Table 5.8.2. The confidence intervals for die odds ratios for the straight line 
interpolation are listed in Table 5.8.3
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TABLE 5.8.2
6 Population Simulation Model Parameter Odds Ratios
Parameter Logistic Regression Caninde Municipality Parameter Odds Ratios
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Foothills 4.110 4.187 4.473 3.713 4.086 3.918
Plains 0.795 1.322 1.456 1.016 1.219 1.193
Timepd. / 0.763 0.771 0.776 0.688 0.749 0.814
Rain 2 f 3.067 3.006 2.887 3.047 3.150 3.109
Rain 3 X 9.115 8.739 8.656 9.330 9.100 9.167
Rain 4 £ 9.225 8.042 8.315 9.587 9.188 9.323
t  Yearly Rainfell greater than 60 cm and less than 90 cm.
X Yearly Rainfall greater than 40 cm and less than or equal to 60 an  rain per year
£ Yearly Rainfall less than or equal to 40 an per year 
/  Time period (1989-1997)
FUNCEME source of precipitation 
IP LANCE source of demographic data 
SAS (6.12) Logistic regression
TABLE 5.8.3
Straight Line Interpolation Odds Ratio with Confidence Intervals
Variable Unit Odds Ratio 95 % Likelihood 
Confidence Interval
95 % Wald 
Confidence Interval
Lower Upper Lower Upper
Foothills 1.000 4.110 32219 5.261 3.216 5253
Plains 1.000 0.795 0.471 1.306 0.479 1.319
Time Pd./ 1.000 0.763 0.576 1.005 0.578 1.008
Rain 2 f 1.000 3.067 1.406 8.058 1.301 7.232
Rain 3 X 1.000 9.115 4.387 23.271 4.016 20.687
Rain 4 £ 1.000 9.225 3.989 25.187 3.727 22.833
t  Yearly Rainfall greater than 60 cm and less than 90 cm.
X Yearly Rainfell greater than 40 cm and less than or equal to 60 cm rain per year
£ Yearly Rainfell less than or equal to 40 an per year 
/  Time period (1989-1997)
FUNCEME source of precipitation 
IP LANCE source of demographic data 
SAS (6.12) Logistic regression
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5.8.3. The receiver operating characteristic(ROC) curve for the straight line extrapolation 
simulation model is portrayed in Graph 5.8.3.
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Figure 37 
Graph 5.8.3 ROC Curve
5.9. LOGISTIC REGRESSION FOR CEARA STATE
The Hosmer and Lemeshow Goodness-of-Fit Test statistics for the logistic regression 
models for Ceara state that used the annual juvenile incidence densities as a continuous response 
variable had />-values less than 0.05. The annual juvenile density as a continuous response 
variable had too many divisions for a model fit and required categorization into ordinal strata.
Two logistic regression models (logit) were built for Ceara state with the annual juvenile 
incidence density of calazar as foe ordinal dependent variable and foe 3-year average rain, percent 
municipality population living in rural areas, percent municipality population less then age 10, 
and a 5- level topographic category as explanatory variables. The 3-year average rain variable 
was excluded from consideration because logistic regression models containing this explanatory 
variable (continuous or ordinal) had model fit statistics with /7-values less than 0.05.
5.9.1. Table 5.9.1 lists foe model-fitting statistics for foe logistic regression model forfoe 
Higher-Incidence-Rate model of Ceara state using four category levels for foe incidence density
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response variable as defined in Section 4.13 and die topographic “Level Four” (internal high dry 
plains) in conjunction with die rural categorical variable “Percent of Municipal population greater 
than 70%” as explanatory variables. The higher rate model had 4 levels to the incidence density 
response variable based on following divisions:
• Low O to less than 5 cases /100,000 person years.
• Moderate 5 cases to less than 20 cases /100,000 person years.
• High 20 cases to less than 40 cases /100,000 person years.
• Very High 40 or more cases /100,000 person years.
TABLE 5.9.1
Higher Inch ence Rate Model Fit and Significance Information






Assumption 1. Low 0.9057 0.0001 0.0001
Assumption 2. Moderate 0.1266 0.0001 0.0001
Assumption 3. High 0.0976 0.0001 0.0001
Assumption 4.Very High 0.3162 0.0001 0.0001
SAS (6.12)
Model variables: Topographical Area 4 and Rural population greater than 75 %
5.9.2. The lower rate model was based on the categorical divisions detailed in Section
4.1.3 for the ordinal response variable. The topographic “Level Four”(intemal high dry plains) in 
conjunction with the rural categorical variable “Percent of Municipal population greater than 
70%” were used as explanatory variables. The variation in the model fitting information is listed 
in Table 5.9.2. The lower rate model had 4 levels in the incidence density response variable based 
on the following divisions:
■Low 0 cases up to less than 1 case/100,000 person years.
•Moderate Incidence rate from 1 to 20 cases/100,000.
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•High level 20 to less than 40 cases/100,000 person years.
•Very high Incidence density of 40 or greater cases/100,000 person years.
5.9.3. Table 5.9.3 compared the two incidence-rate-division models by using die same 
topographic variable level and die “percent youth less than 26%” variable but displays the 
difference in the mode-fitting-test results.
TABLE 5.9.2






Assumption 1. Low 0.1081 0.0001 0.0001
Assumption 2. Moderate 0.0416 0.0001 0.0001
Assumption 3. High 0.0065 0.0001 0.0001
Assumption 4. Very High 0.0917 0.0001 0.0001
SAS (6.12)
Model variables: Topographical Area 4 and Rural population greater than 70 %
TABLE 5.93
Higher Incidence Rate Model Fit and Significance Information: “Youth less than 26%”






Assumption 1. Low 0.3909 0.0001 0.0001
Assumption 2. Moderate 0.0330 0.0001 0.0001
Assumption 3. High 0.0161 0.0001 0.0001
Assumption 4. Very High 0.0007 0.0001 0.0001
Low Incidence Model
Assumption 1. Low 0.0102 0.0001 0.0001
Assumption 2. Moderate 0.0030 0.0001 0.0001
Assumption 3. High 0.0005 0.0001 0.0001
Assumption 4. Very High 0.0001 0.0001 0.0001
SAS (6.12)
Model variables: Topographical “Area 4" and “Youth population less than 26 %”
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5.9.4. The parameter estimates including standard errors and odds ratios for each 
incidence rate model, based on die population simulation models that passed die Proportional 
Odds Chi-Square Test, and composed of the “Level Four” topographic variable and the “Percent 
rural greater than 70%” variable, are listed in Table 5.9.4 and Table 5.9.6 forthe high incidence 
group and Table 5.9.5 and Table 5.9.7 forthe low incidence rate group respectively.
TABLE 5.9.4
Higher Incidence Rate Model Parameters
High Incidence Model









V arf Est { Std. E t Est Std. E Est StdE Est Std. E
In ti £ -4.161 0.162 -4.301 0.166 -4.041 0.154 -7.893 1.001
Int 2 -2.699 0.099 -2.749 0.091 -2.658 0.088 -7.199 0.709
Int 3 -0.900 0.056 -0.980 0.057 -0.984 0.057 -4.0877 0.157
Int 4 6.908 0.708 7.607 1.006 7.603 1.073 -2.673 0.088
Int 5 7.602 1.000 -0.986 0.057
Int 6 7.601 1.001
T 4 § 0.690 0.107 0.655 0.108 0.676 0.107 0.6743 0.107
Rural/ 0.022 0.138 0.020 0.139 0.033 1.39 0.045 0.138
SAS (6.12)
Model variables: Topographical Area 4 and Rural Population greater than 70 % 
All the assumptions met die Proportional Odds Assumption Chi-Square Test 
t  Variable
J Parameter estimate and standard error 
£ Intercept
§ Topographical “Area 4"
/  Rural population greater than 75%
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TABLE 5.9_5 
Lower Incidence Rate Model Parameters
High Incidence Model









Var Est Std. E Est. Std. E Est. Std. E Est. Std. E
hit 1 -4.197 0.162 -7.925 1.009 No Model Fit No Model Fit
Int 2 -2.734 0.089 -7232 0.708
Int 3 -0.406 0.051 -4.120 0.157
Int 4 6.932 0.708 2.730 0.089
Int 5 7.625 1.001 -0.399 0.051 f  Variable
X Parameter estimate and standard error 
£ Intercept
§ Topographical “Area 4"
/  Rural population greater than 75%
Int 6
T 4 0.876 0.103 0.862 0.103
Rur -0.260 0.131 -0.131 0.131
SAS (6.12)
Model variables: Topographical Area 4 and Rural Population greater than 70 % 
All die assumptions met the Proportional Odds Assumption Chi-Square Test
TABLE 5.9.6
Inland Plains Topographic 
Area 4









95 % Confidence 
Interval
Lower Upper Lower Upper
Assumption 1 Low 1.995 1.617 2.461 1.023 0.779 1.342
Assumption 2 Moderate 1.925 1.559 2.377 1.020 0.777 1.339
Assumption 3 High 1.965 1.593 2.425 1.033 0.787 1.355
Assumption 4 Very High 1.963 1.590 2.422 1.046 0.797 1.371
SAS (6.12)
Model variables: Topographical Area 4 and Rural Population greater than 70 % 
All die assumptions met die Proportional Odds Assumption Chi-Square Test
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TABLE 5.9.7
Lower Incidence Odds Ratios &  Confidence Intervals: “Rural”




95 % Confidence Interval Wald
Odds
Ratio
95 % Confidence 
Interval
Lower Upper Lower Upper
Assumption 1 Low 2.400 1.962 2.937 0.771 0.597 0.997
Assumption 4 V.High 2.369 1.936 2.898 0.764 0.591 0.988
SAS (6.12)
Model variables: Topographical Area 4 and Rural Population greater than 70 % 
All the assumptions met the Proportional Odds Assumption Chi-Square Test
5.9.4. The parameter estimates and odds ratio interval are listed in Table 5.9.8 forthe 
high incidence density model, die straight line extrapolation method, composed of the “Level 
Four” topographic and the “Percent Young less than 26%” variables. This was die only Ceara 
state logistic regression model that met the Proportional-Odds-Chi-Square Test requirement.
TABLE 5.9.8 
Higher Incidence Rate Model Fit Information: “Youth”
High Incidence Model
Assumption 1. f Parameter Odds Ratio Wald Confidence 
Interval 
Lower UpperVariable Est. Std. Error
Intercept 1 -4.0389 0.1627
Intercept 2 . -2.5746 0.0901
Intercept 3 -0.8464 0.0598
Intercept 4 7.0732 0.7087
Intercept 5 7.7671 1.0012
T 4 0.6636 0.1070 1.942 1.574 2.395
Young -0.4594 0.1067 0.632 0.512 0.779
SAS (6.12)
Model variables: Topographical Area 4 and Youth population less than 26 % 
t  The only Assumption which met the Proportional Odds Assumption Chi-Square Test
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5.9.S Hie spatial clustering of the juvenile incidence densities in the Caninde 
Municipality are displayed in the Incidence-Density-Colored-Contour-Map Graph 5.9.5 (Figure 
38). This contour map and die Regression Tree Graph generated by S-Phis software were based 
on die duster algorithm using the straight line extrapolation procedure and were used in data 
exploration of the spatial relationships for the Ceara state incidence density relationships.
Figure 38
Graph 5.9.5 Ceara State Inddence Density Map 
5.10. CEARA STATE LOGISTIC MODEL VARIABLES
The Ceara state logistic regression model which included the variable, “youth less than 
26%”, had 345 observations (23 Municipalities for 15 years) out o f2,235 observations that fit in 
this category. All 345 observations did not include the “rural populations less than 70%” variable. 
The logistic model that used “rural populations greater than 70%” as an explanatory variable had 
285 o f2,235 observations (19 Municipalities for 15 years). All die 285 observations did not have
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the “young-population greater than 26 %” level variable. These two variables separated die 
observations into mutually exclusive groups.
Ceara
ernambuco
Inc.Den ) 28 Inc.Den > 15 Cases
Inc.Den ) 12 Cases
Rio Grande Do Norte
Figure 39
Ceara Municipalities with Commutative Incidence Densities Greater than 9 Cases 7100,000
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5.11. 25 CEARA STATE MUNICIPALITIES WITH HIGHEST INCIDENCE RATES
Table 5.11 lists the 25 Ceara Municipalities that had incidence densities greater than 9 
cases / 100,000 person years. The spatial relationships which the Municipality-incidence-densities 
demonstrated are displayed in Figure 39.
TABLE 5.11



















Caninde 4 61,827 I 7.6 339 43 32.2 51 28 63
Ipu 5 35,689 0.6 3.6 158 25 26 50 27 99
Ipueras 5 35,099 0.6 3.3 146 24 2405 63 28 93
Uruoca 5 10,220 0.2 0.9 39 7 22.4 57 29 80
Radra 4 13,853 0.2 1.1 51 10 21.7 71 29 57
V.D.Ceara 5 40,865 0.6 3.4 150 29 21.6 74 31 150
SantaQuiteria 4 49,343 0.8 3.6 162 34 19.3 68 28 77
Novo Oriente 5 26,318 0.4 1.9 86 18 19.2 65 26 66
Frecheirinha 5 9,704 0.2 0.7 29 7 17.6 54 29 73
Reriutaba 5 17,305 0.3 1 45 12 15.3 53 26 85
Iraucuba 4 17,155 0.3 1 44 12 15.1 55 29 46
Crato 5 90,519 1.4 5.2 231 63 15 22 25 103
Granja 5 41,501 0.7 2.2 99 29 14 62 30 106
Mucambo 5 11,652 0.2 0.6 28 8 13.8 57 28 101
Nova Russas 4 37,832 0.6 1.8 81 26 12.6 46 26 74
Caririacu 5 21,318 0.3 1 45 15 12.4 66 29 101
Pacuja 5 5,006 0.1 0.2 10 3 11.8 54 27 92
Palmacia 2 10,236 0.2 0.5 20 7 11.5 64 28 126
Coreau 5 17,565 0.3 0.8 34 12 11.4 52 28 108
Caridade 2 17,565 0.2 0.5 23 9 10.9 55 27 49
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Jati 5 6,863 0.1 0.3 12 5 10.3 64 27 66
Massape 5 23,686 0.4 0.9 40 17 9.9 46 28 94
Sao Bendito 5 36,700 0.6 1.3 59 26 9.5 58 29 129
Tamboril 4 26,260 0.4 0.9 41 18 92. 68 27 64
Total 25 674,010 10.9 44.9 1998 469 15.9 .58 2% 88
Remainder
159
5,692,637 89.1 55.1 2446 3975 4.3
Source IPLANCE
t  Straight line interpolation from 1980-91commutative incidence density 
t  Percentage o f4,444 calazar cases based on municipality percent of 1991 state Population 
/  Topographical area variable 4 = high interior plains, 5 = interior mountains
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CHAPTER SIX 
DISCUSSION
The statistical associations determined by this study were influenced by the spatial 
relationships displayed the incidence of calazar and the demographic, climatic, and environmental 
explanatory variables. The precisian and strength of the statistical associations observed depended 
on homogenous stratification of the topographic regional variable and the accurate determination 
of the population at risk. The use of remote sensing to enhance satellite images and classify the 
vegetative reflectance enabled a more homogenous description and differentiation of the 
topographic and regional variable resulting in greater accuracy in the classification assignment of 
the 2-by-2 squares, including their residents, in the correct stratum and reduced missclasification 
errors.
The limitation of the target population to the juvenile cohort (infant-age 9) was based on 
several criteria:
• This age group had the highest incidence density.
• The IPLANCE census data was divided into 5-year age groups (0-4, 5—9,10—15) 
and by excluding older age cohorts from the population at risk reduced the dilution 
effect caused from collapsing high and low risk strata into a single stratum .
• The juvenile population is much more stationary than adults and limiting the 
population to this age group reduced the chance of misclassification errors arising 
from migration of infected adult cases into Caninde.
• The average incubation for calazar is 2—4 months but may extend to years. This 
juvenile age cohort had fewer years to accumulate cases thereby reducing miss 
classification errors arising from classifying latent prevalence cases as incident cases 
(Evans et al., 1992).
80
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• The three topographical regions had similar disease incidence patterns in the juvenile 
age cohort (Figures 15,16, and 17)
6.1. EPIDEMIOLOGY OF LEISHMANIASIS IN CANINDE
Historical impressions concerning American visceral leishmaniasis in young inhabitants 
of the foothills in rural areas of Brazil were supported by the study data (Deane, 1956). 
Additionally, the results also support the opinion that recently there is an enhanced risk of visceral 
leishmaniasis in populated areas (Jeronimo et al., 1994a; Berman, 1997).
6.1.1. The cyclic nature o f die calazar incidence over time is illustrated by Graph 3.4.1 
and 3.4.2 (Figures 23 and 26). The peak incidence density rate in the 93-95 cycle was smaller 
than die peak incidence density rate of the 82-85 cycle. The logistic regression coefficient with 
resultant odds ratio (OR=0.763, CI[0.578, 1.008]) suggests die same impression even though the 
confidence interval of the odds ratio captured unity and signified lack of statistical significance at 
the .05 level (Table 5.8.3). The confidence interval just captured unity which suggested that a 
study with more observations may result with a conclusion demonstrating statistical association.
The longitudinal nature of the incidence data collected for 17 years was subjected to S- 
Plus statistical time series analysis to evaluate the Caninde incidence data for serial/time 
autocorrelation using die Yule-Walker equations. The lack of serial autocorrelation in the 
incidence data is displayed in Figure 13 which demonstrates that the 95% confidence level for 
autocorrelation, in time lags from one to five periods, was not exceeded by die yearly observations 
and each annual observation was an independent event.
The explanations for the possible reduction in the calazar peak during 1993-95 may be 
based on several coincident factors (See Figure 8):
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
82
• The calazar control program was initiated in 1980 and the 82-85 peak included 
existing and incident cases. Restated, the case numbers were a combination of 
incident and prevalent cases.
• There is evidence that juveniles under the age of 10, the primary population at risk, 
decreased in absolute numbers from 1981 to 1997 (Figure 6) .
• The disease may be maturing into an endemic equilibrium phase with smaller cyclic 
vacillations (Scott & Smith, 1994).
• h is possible that calazar cases will decrease in absolute numbers as rural juveniles 
migrate into urban settings and away from the ideal conditions required forthe 
disease.
• The rural areas might be reaching the point where the number of susceptibles in the 
population has fallen beneath the threshold number needed to sustain the disease in 
an endemic form. This is speculation because the natural reservoir is still unknown 
(Deane, 1956; Badaro et al., 1986; Evans et al., 1992). If die natural reservoir is not 
man and humans are incidental hosts, the proportion of susceptibles in the population 
would have little effect on the survival of disease (Dye, 1996).
6 .1.2. The age specific rates, determined by this study confirm the established impression 
that calazar is a disease of the young and there is a tendency for males in the 5-10 year age group 
to have a higher incidence rate than age cohort females. The age specific relationship of calazar is 
illustrated in Figures 15 through 17.
6.1.3. Data from the project agree with the conventional medical opinion that incidence of 
calazar has been observed with highest frequency in rural foothill areas (Pearson, Sousa 1996). 
Graph 5.52 (Figure 27)shows die information listed in Table 5.1.4 that denotes die much higher
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risk of calazar for inhabitants of foothills compared to city dwellers and emphasizes that juveniles 
in the foothill suffered the highest incidence density (200 cases/ 100,000 person years).
The value of the GIS components of die software programs (IMAGINE, ARCINFO, S- 
Plus) is illustrated in graphs 5.5.4, 5.5.6, 5.5.7. (Figures 28, 30, 31) and demonstrates disease 
clustering. The incidence-coordinate tree graph 5.5.5 (Figure 29) visualizes that the disease 
clustering exists over space and was concentrated in the foothills.
6.1.4. hi total, 15 cases were excluded from the Caninde study. These cases had missing 
age data or addresses from other municipalities and could not be classified into correct age-cohort 
or regional strata. The proportion of adults (6 of 11) and proportion of males (11 of 15) in this 
group are markedly different from the Caninde proportions ( 82% juvenile and 55% male) 
suggesting that these immigrants may have been infected in other municipalities..
6.1.5. The clinical diagnostic techniques and procedures were not of concern to this 
project but the diagnostic information together with the standardized forms contributed to 
consistent and reliable data (Section 5.3). This standardization of diagnostic procedures and 
reporting reduced the likelihood of missclassification arising from personnel changes the occurred 
over the 17 year study period.
6.1.6. The data from the project indirectly supported the literature findings that the time 
from first observing symptoms until treatment is 2-4 months (Berman, 1997; Silveira et al.,
1997). An interesting observation from Graph 5.3.4 (Figure 18) is the cyclic pattern in the months 
during which patients seek treatment The cyclic regularity displayed by Graph 5.3.4 stimulates a 
number of questions relating to the reasons for the apparent periodicity. Potential explanations for 
the cyclic nature observed in the time from first symptoms until examination are the following:
• The availability of physicians was determined by bureaucratic decisions and not by 
biology of disease. This reason for the cyclic nature may be rejected because the
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patterns in the city and rural areas were different and suggests a constant supply of 
medical care givers.
• The observed pattern could be an artifact from administrative or reporting bias 
unrelated to disease.
• The cause of the pattern may have been availability of disposable income or 
transportation, factors which are totally unrelated to disease etiology.
The cycles may have been based in the biology of the disease and could be important 
in future studies.
6.1.7. The incidence densities for this project were based on four assumptions concerning 
the size of the underlying population.
The 1980 and 1991IPLANCE census numbers were assumed to be accurate.
The location and number of the Chagas Disease Control program houses in each 2- 
by-2 square were believed to be correct.
• The study assumed that each 2-by-2 square was placed in the correct regional strata.
• The study accepted that a straight line interpolation method was reasonable to input 
population numbers for the denominator for the 15 years without actual data.
As with all ecological studies, the accuracy and validity of the denominators were major 
concerns because these numbers are rarely known with the degree of accuracy as in controlled 
experiments and a potential source for errors (Dwyer et al., 1992; Rosner and Munoz, 1992; 
Esteve, Benhamou and Raymond, 1994). The possibility of corroborating the numbers supplied 
by IPLANCE and the Chagas Program were prohibited by cost and time considerations.
The effect of the fourth assumption could be tested. This was the rational for developing 
the population simulation models. These could additionally test the affect arising from errors in 
first three assumptions because the instability of, or any significant variation from, the results of
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the straight line extrapolation model would be demonstrated irrespectively of the cause for that 
fluctuation.
The six population simulation models were used to test the sensitivity of the estimated 
juvenile incidence density assumptions by comparing the magnitude and direction of the juvenile 
odds ratios, die logjstic-regression parameter estimates, and the standard errors of the parameter 
estimates for die regional, time period and 3-year average rain variables (Aston et al., 1995;
Neter et al., 1996; Data Analysis Products Division, 1997). The 6 simulation models confirmed 
that the straight line extrapolation method was a reasonable assumption and that the odds ratios 
and parameter estimates were robust
The degree-of-variation in the person-years encompassed by the simulation models are 
displayed in Graph 5.4.2 and Graph 5.4.3 (Figures 20 and 21), for die city and foothills regions 
respectively, hi several years, 1984,92, and 94, the differences between models approach 50%. 
The incidence rates under the 6 simulation models forthe city and foothills are shown in Graphs
5.4.4 and Graph 5.4.5 (Figures 22 and 23) and demonstrate that only in the trough years with low 
case numbers (1987-89 , 91, and 96) did the relative magnitude of the incidence densities 
approach unity.
The odds ratio comparison between the incidence rates for the foothills relative to the city 
illustrates the great differences in magnitude that existed between the two regions as opposed to 
the magnitude differences among the 6 models (See Graph 5.4.7, Figure 24 ). This further attests 
to the robust nature of the data and the straight line interpolation model used. Additionally, Graph 
5.4.7 demonstrates that the periods for potential reversal of the odds ratios occur when both areas 
have few disease cases.
6.1.8. The amount of precipitation is an important variable in explaining the incidence 
rate for calazar in Caninde (see Table 5.8). In any series of data collected over time there is a
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potential for series/time autocorrelation which must be investigated to determine if time period 
observations are independent of each other (Esteve, Benhamou and Raymond, 1994; Neter et al., 
1996). The rainfall data was investigated for serial/time autocorrelation using the S-Phis time 
series analysis program based on Yule-Walker equations. The lack of 1-4 lag period 
autocorrelation is clearly displayed in Graph 5.6 (Figure 32) and demonstrates die independence 
of observations over time that is required for logistic regression modeling based on Poisson 
distributions.
The relationship between the 3-Year rolling rainfell average and the incidence densities in 
Caninde Municipality is illustrated in Graph 5.6.2 (Figure 34) and shows the negative relationship 
that existed between annual rainfell and calarar incidence. This relationship is especially visible 
forthe incidence density among juveniles in the foothill region.
The logistic regression models for both the Caninde municipality and Ceara state used the 
3-year rolling-rainfall-average method because the associations were slightly but not statistically 
significantly stronger than die other rainfell averaging methods. The four rain models and the 
foothills (straight line) incidence-density curve are displayed on Graph 5.7 (Figure 24).
6.1.9. The logistic regression model chosen to evaluate die Caninde data used the three 
categorical explanatory variables of region, time period, and rainfell. The region variable had 
three levels: city, plains, and foothills The rime period variable had two levels with the first level 
for years 1980-89 and the second level from 1990-97. The rainfall variable was ordinal and had 
four levels: rainfell greater than 90 cm/year, rainfell greater than 60 but equal to or less than 90 
cm/year, rainfell greater than 40 cm but equal to or less than 60 cm/year, and rainfell less than or 
equal to 40 on/year.
The time period variable was marginally significant, statistically with a /7-value = 0 .0572 
and the model which included this variable had a very good deviance and Pearson Goodness-of-Fit
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/7-value = 0.85. The odds ratio confidence interval for this variable included unity but with the 
upper-level confidence limit at 1.008, it was decided to retain this variable in the model.
The “plains level” for the region variable was not statistically different from the null 
hypothesis of no difference and was excluded from the model /7-value =0.374 with odds ratio 
(OR=0.795) and Wald-confidence interval [Cl] ( 0.48, 1.306) as listed in Table 5.8.3. The 
“foothills level” of die region variable was contrasted with the combined city and plains juvenile 
population stratum and was a statistically significant variable stratum with a null chi-square 
/7-value equal to .0001. The confidence interval did not include unity as listed in Table 5.8.3.
The ordinal rainfall variable was significant for all three levels compared to the level of 
precipitation that was greater than 90 cm/ year. This variable also showed a dose-response 
relationship that had each lower level of rainfall associated with a stronger parameter estimate. 
This dose-response relationship held true for incidence densities arising from 4 of die 6 population 
simulation models as illustrated in Table 5.8.2 and Table 5.8.3.
The reasons why the rainfall variable was demarcated at die 40,60, and 90 cm/year 
points are illustrated on die rainfall histogram (Graph 5.6.3, Figure 35) where the natural breaks 
occurred at these points and Graph 5.6.2 (Figure 34) where changes in the slope of calazar 
incidence curve were detected.
Further support for die logistic regression model is evidenced by the ROC curve depicted 
on Graph 5.8.3 (Figure 37). The ROC curve is a measure of internal predictive accuracy for 
logistic regression models and internal validity of prediction is predicated on a sharp rise in the 
curve and the amount of area under the curve (Aston et al., 1995). The ROC curve for the above 
logistic regression model rose reasonably rapidly and suggested that this model would adequately 
predict associations in an independent data set
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6.2. EPIDEMIOLOGY OF CALAZAR IN CEARA STATE
Hie data for the state of Ceara was not as detailed as the information for die municipality 
of Caninde. All the data for the population of each municipality were derived from IPLANCE 
summary information, the calazar case data from FNSXCE, and precipitation from FUNCEME. 
Lade of detail in the data contributed to weak or nonexistent associations between ralasar 
incidence rates and explanatory variables.
6.2.1. The population data for Ceara was affected by die same restraints that inflicted die 
Caninde population data. A similar solution with variation of population numbers by simulation 
models was adopted. The results from the population simulation models for Ceara listed in Table
5.9.1, Table 5.9.2 and 5.9.7 demonstrated that variability in population estimates affected die 
choice of logistic regression model based on model-fit criteria.
The reason for this lade of robustness in die Ceara information was that the state wide 
average cumulative incidence density rate was approximately 4.3 cases / 100,000 person years 
and much closer to null in contrast with die Caninde rate of 32 cases / 100,000 person years. The 
proximity of Ceara state calazar incidence rates to null are dramatically demonstrated when the 
high state rate of 32 cases /100,000 was juxtaposed to the Caninde Municipality high rate of 203 
cases /  100,000 person years. It is much more difficult to demonstrate strong associations when 
differences among incidence density rates are proximal to unity and each other (Hennekens and 
Buring, 1987; Agresti, 1996).
The straight line extrapolation method (based on the total state population change 
between 1980-91) was used to supply the population denominators for the years that lacked 
census numbers with the understanding that results from this assumption could be challenged. The 
straight line average was accepted as reasonable for the available data because it worked well in 
Caninde and was the only population simulation model tested that had Proportional-Odds-
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Assumption Test statistics with P-values greater than 0.05 for the higher and lower incidence 
density models.
6.2.2. The model used to supply die rainfall variable was based on the 3-year rolling 
average. This model was appropriate for Caninde and alternative rainfall models did not result in 
stronger associations. The rainfall for the state was so variable, both spatially and temporally, 
that it was impossible to select an alternative model. This fact suggested that die rainfall data had 
a poor level of spatial resolution.
6.2.3. hi order to fit a logistic regression model to die data, the municipal incidence 
density rates for die dependent variable required categorization into ordinal levels. The logistic 
regression model chosen for the Ceara data depended on the method used to catagorize the data.
The two models, the higher and lower incidence rates, required the use of different 
explanatory variables before achievement of an acceptable fit of the model to the data as 
determined by the Proportional-Odds-Assumption Test. The selection of a model was dependent 
on the population simulation method used to determine the annual-incidence-density denominators.
The logistic regression model using the less-sensitive-incidence-rate model, the higher 
rate, with the category division at 5 cases/100,000 person years, had all four population 
simulation models fit with the “rural variable” and one model fit with the “percent youth variable” 
(Table 5.9.1, Table 5.9.3 and Table 5.9.7).
The lower-incidence-density model, level division at 1 case/100,000 person years, had 
two population models that just passed the Proportional-Odds-Assumption Test with the “rural 
variable” and lacked an acceptable model using the “percent young variable” (Tables 5.9.2 and 
5.9.3).
The higher-incidence-rate-ordinal model, the model of choice for this data, was based on 
the straight-line-extrapolation-population-simulatian assumption and used the “the interior plains
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
90
level” of the topographic variable and “percent young less than 26%” as die explanatory 
variables. This model had die best fit using the Proportional-Odds-Assumption Test p-value = 
0.39 compared to “no fit” for die lower incidence rate models (see Table 5.9.3) and contained the 
second variable, the “percent young less than 26%,” with an odds-ratio-confidence interval that 
did not include unity (Table 5.9.6).
Both incidence density models included die “interior high plains” level for the regional 
variable but they differed in the choice of die second explanatory variable (see Tables 5.9.6, 5.9.7 
and 5.9.8). This added support to the strength ofthe “interior high plains level” of the topographic 
category as an explanatory variable for die incidence of calazar in Ceara.
hi comparing the observation-type Ceara data and specifically looking at die categories of 
die explanatory variable levels, “percent youth less than 26%” and “die percent rural greater than 
70%”, the two groups did not overlap in any single observation. The strata based on the “less than 
26% youth” did not have any observation that was a member of the “greater than 70% rural 
strata” and likewise the reverse for the “70% rural strata.” The project results suggested that the 
reason for this variable dichotomy but without significant statistical association was due to poor 
data resolution and nonhomogeneous strata and excessive stratum overlap.
6.2.4. The primary question in this dissertation was why the 25 Ceara Municipalities 
listed in Table 5.10 include 45% of die visceral leishmaniasis cases but only 11% of the 
population? The spatial relationships among the 25 Municipalities which suffered die highest 
incidence density rates are illustrated by Graph 5.10 (Figure 39). When the information in this 
table was juxtaposed to the categorization of Caninde Municipality as displayed in Table 5.1.2 
and Table 5.1.4 meaningful information relating to variable associations are noted which would 
otherwise be concealed by data dilution generated from nonhomogeneous strata.
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Poor stratum homogeneity is a major cause for weak or non detectable statistical 
associations in epidemiological studies (Klienbaum, Kupper and Morgenstem, 1982; Dwyer et al., 
1992; Esteve, Benhamou and Raymond, 1994). The relevant question was how much additional 
information could have emerged from the incidence-density models for Ceara if the municipalities 
could have been classified into foothills and non-foothills areas and die juvenile population at risk 
for each region determined?
The foothill juvenile calazar incidence density o f203.4 cases/100,000 person years 
contrasts with the gross Caninde Municipality rate o f 32 cases/100,000 person years.
TABLE 6.2.4
Homogenous S trata Comparison
Region Cumulative Incidence Densityf
Caninde Foothills 203
Caninde Rural Juveniles 114
Total Caninde Juveniles 85.7
Total Caninde Population 32
Ceara 4.3
Source Table 5.1.3, Table 5.1.4,Table 5.10
f  Cumulative Incidence Density based on straight line extrapolation of 1980-91 IPLANCE
Table 6.2.4 demonstrates how the high juvenile foothill incidence density rate was diluted 
when the foothills data was combined with all o f Caninde. It is possible that the lack of statistical 
associations in the Ceara data were attributable to the data dilution factor (Esteve, Benhamou and 
Raymond, 1994). If the Ceara state municipalities could have been categorized into foothill or non 
foothill zones with correctly determined juvenile-populations-at-risk and the rainfall data had been 
better organized into more homogenous strata, then association between drought and calazar 
incidence may have been detected.
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The clustering of Ceara calazar incidence density rates can be seen in Figure 34 and was 
produced by S-PIus contouring and Clustering analysis programs. If die incidence density contour 
maps are overlaid on rainfall, percent rural population, percent young population, and topographic 
areas contour maps it was possible to visually detect associations between these explanatory variables 
and calazar incidence density (explanatory contour maps not listed). The results o f die Caninde data 
suggested that if  the Ceara data could have been more homogeneously stratified, similar associations 
as the Caninde Municipality conclusions would have been detected.
The Ceara map in Figure 39 displays die geographic location of die 25 municipalities that 
have 9 or more calazar cases /100,000person years and points to the clustering of die disease. When 
die map of die 5 topographic regions of Ceara (Figure 10) was contrasted to the map that displays 
the 25 Ceara Municipalities with incidence densities greater than 9 cases per 100,000 person years 
(Figure 39) it was demonstrated that the topographic variable did not capture die spatial nature of 
visceral leishmaniasis in Ceara.
The dearth of information available on a state level relative to calazar precluded defining 
other explanatory variables that could relate the climatic or environmental factors which influence 
the incidence of visceral leishmania. ft was impossible to create homogenous categorical divisions 
derived from maps and demographic summary reports because Ceara has such diverse climatic and 
environmental features that homogenous categorical divisions cannot be derived from maps and 
demographic summary reports.
Remote sensing methodology reduced missclassification bias because these techniques 
provided the ability to locate the houses and calazar cases in the appropriate strata based on methods 
that were reproducible from individual to individual and satellite image to satellite image. The image 
processing software removed or decreased missclassfication bias and satellite images revealed 
spectral differences between the foothills and plains regions which were not evident to observers.
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As with all categorization methods, the problems occurred at the margins between two areas. 
The visualization of the spatial relationships provided by die G J.S. programs combined with the 
ability to numerically measure the separation independently of human bias increased the chance for 
stratum homogeneity. The combined G.I.S.—R.S. techniques applied in the Caninde analysis is 
assumed to have strengthened the validity of the statistical associations
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CHAPTER SEVEN 
CONCLUSIONS
The Caninde Municipality model confirmed the evidence that American visceral leishmaniasis 
is a disease of juveniles inhabiting rural foothill areas in Northeast Brazil. The data also support the 
clinical impression that the disease has an incubation period of 2-4 months.
The association of 3-year periods with rain less than 60 an  contradicts traditional 
impressions that there are an increased incidence of the disease with precipitation. The interior of 
Ceara, in common with the remainder of the Northeastern Brazil, has spatially uneven rainfall 
even during the dry periods and foe areas o f precipitation may be in foe foothills and not measured 
by precipitation observations recorded foe city o f Caninde.
The cyclic nature of presentation to and diagnosis of calazar cases by FNS/CE physicians 
presents many questions and deserves additional study. Further work is needed to determine if this 
apparent cyclic occurrence of calazar cases relates to disease biology or administrative factors. 
These studies could be combined with sandfly trapping to determine foe number of vectors and 
their Leishmania infection rate.
A more detailed spatial-resolution-remote-sensing approach should be implemented with a 
prospective case-control study or a nested case control design. This will provide actual numbers 
ofthe population at risk, age and gender information, immunological parameters, and local 
climate information. A comprehensive study incorporating epidemiological principles and remote 
sensing of earth would have a good prospect of defining foe dynamics of calazar in Northeastern 
Brazil.
The increased-spatial-resolution project could also be expanded to foe city of Caninde to 
determine if clusters of calazar cases exit within foe city. These areas could then be contrasted
94
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with those city areas without case clusters to determine if  environmental, immunologic, 
nutritional, genetic or demographic variables contribute to die spatial and temporal incidence.
The results from the Ceara state data support current opinions that calazar occurs most 
frequently in the interior high dry plains and affects young people. The data was not sufficiently 
refined to statistically conclude other associations.
The topographic variable levels could be refined in this study. Applying remote sensing 
and geographic information system methodology could determine the proportion o f foothills area 
in each municipality. Accurate demographic information, especially the number, age, and gender 
o f the residents in the topographic zones may be available in municipal Chagas Disease Control 
Programs. This information could then be used to better define the juvenile population at risk, 
reduce the amount of data dilution due to collapsing high risk with low risk categories existing in 
the present study, create more homogenous strata, and detect strong statistical associations.
Information on rainfall suggests variability across the state of Ceara in a pattern that 
could be stratified. The resulting increased rainfall stratum homogeneity would increase the 
probability of finding valid associations between rainfall and disease.
Differences in environmental factors were not detected between the case and control 2- 
by-2 km squares in each region because of incorrect spatial resolution. Increased spatial 
resolution in future studies could augment the probability o f discovering differences in 
environmental factors between case and control areas and supply information of sandfly biology. 
The application of RS and GIS contributed to the project’s ability to increase the stratum 
homogeneity and determine the population at risk. These contributions increased the ability of the 
project to detect statistical associations from the available data.
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APPENDIX
Table 1 lists the variables used to categorize die 290 2-by-2 km squares into foothills or 
plains strata. This data was obtained from a subset ofthe September 25,1986, Landsat T.M. 
scene (path 217, row 63). This image was processed using die ERDAS IMAGINE techniques 
described in Section 4.3.
The two regional strata were compared using the Welch modified two sample t-Test with 
unequal variances. Table 2 lists the t-Test statistics for the ten variables of the two strata. The 
Tasseled Cap transformation optimizes the data for viewing vegetation (ERDAS,1997):
• Tasseled Cap [Tel] (brightness) defines the principal variation in soil reflectance.
• Tasseled Cap [Tc2] (Greenness) contrasts the near-infrared and visible bands and is 
strongly related to the amount of green vegetation
• Tasseled Cap [Tc3] (Wetness) relates to soil moisture.
The mineral indices is composed of three mineral ratios (ERDAS,1997):
• Ferrous minerals (band 5/ band 4) listed as M ini.
• Iron oxide (band 3/ band 1) listed as Min2.
• Clay minerals (band /  band 70 listed as Min3.
The thermal reflectance band 6 was measured and listed as Temp.
Principal components analysis is a method for data compression and allows the redundant data to 
be compacted into fewer bands. These bands are non-correlated and independent (ERDAS, 1997):
• Principal band 1 (contains most information) listed as Pci.
• Principal band 2 (next largest amount of information) listed as Pc2
• Principal band 3 (third largest quantity of information) listed as Pc3.
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Reproduced with permission o fthe copyright owner. Further reproduction prohibited without permission.
104
T ablet 
Landsat TJVf. Data Set
ID R Tc1 Tc2 Tc3 Mini Min2 Min3 Temp Pel Pc2 Pc3
861 1 187.85 2.75 0 1.07 2.6 0.54 28 211.9 0 0.61
112 1 200.21 7.4 4.92 1.04 2.15 0.59 29.3 218.56 0.02 3.29
236 1 178.84 2 0 0.98 2.3 0.53 27.8 197.29 0 1.4
238 1 183.71 4.84 0 0.98 2.06 0.54 27.7 198.04 0 5.63
240 1 185.85 9.04 6.22 0.99 2.01 0.54 27.1 193.3 0.01 5.28
241 1 187.03 9.17 9 1.01 2.16 0.54 27.2 184.21 0.05 3.85
254 1 175.28 5.21 0 0.95 2.15 0.53 272 189.05 0.01 3.06
810 1 171.52 5.5 6.29 0.93 2.04 0.52 26.1 180.28 0.01 3.01
160 1 196.16 7.54 6.24 1.06 2.14 0.57 27.5 205.23 0.01 3.93
258 1 191.58 10.47 7.57 1.03 2.31 0.55 28.1 206.89 0.01 2.7
262 1 182.53 2.45 0 0.99 2.11 0.53 27.1 179.78 0.02 2.81
798 1 175.53 2.64 0 0.96 2.26 0.52 26.9 190.25 0.01 0.98
293 1 202.13 4.25 0 1.09 2.07 0.55 26.1 166.09 0.32 3
192 1 182.02 6.84 7 0.98 2.18 0.54 28.3 197.74 0.01 2.71
311 1 173.2 1 0 0.93 2.22 0.52 28.1 190.13 0 0.86
16 1 181.86 5.08 12.5 1.03 2.26 0.57 27.9 198.62 0.02 1.41
875 1 203.97 3.68 0 1.18 2.72 0.57 28.7 232.6 0 0.33
315 1 190.96 5.16 0 1.01 2.24 0.56 28.9 209.49 0 3.39
183 1 170.43 6.29 0 0.91 2.15 0.52 26.6 169.17 0.1 1.21
881 1 193.35 5.29 5.07 1.13 2.55 0.58 27.4 146.99 0.02 0.34
152 1 180.44 8.21 3 1 228 0.53 27.5 194.59 0.04 225
35 1 171.75 11.56 4.5 0.88 2.2 0.53 28.1 181.07 0.11 0.59
394 1 180.77 4 0 0.98 2.23 0.54 27.9 199.13 0 229
144 1 161.45 3 0 0.88 2.32 0.5 26.7 169.4 0 0.26
422 1 187.05 5.22 0 1.04 2.36 0.55 28.2 207.63 0 1.87
523 1 178.44 6.93 1 0.95 1.89 0.53 26.4 191.6 0 8.96
39 1 175.27 1.83 4.14 0.94 1.91 0.52 26 129 0.68 0.96
103 1 187.94 4.6 0 1.03 2.21 0.52 26.1 115.31 0.45 0.82
49 1 188.33 6.89 3.63 0.96 2.12 0.55 28.5 164.4 0.39 2.45
577 1 181.54 9.84 7.6 0.97 2.06 0.54 27.7 188.28 0.03 5.11
694 1 188.49 11.33 7 1 2.28 0.54 28.5 189.94 0 2.7
76 1 194.3 1.6 0 1.04 2.43 0.55 28.8 215.03 0 1.21
86 1 181.98 9.14 4.88 1 2.38 0.54 28.2 191.05 0 1.13
635 1 172.71 3.49 0 0.93 1.91 0.52 25.1 181.37 0.06 5.54
662 1 171.38 6.06 0 0.91 2.07 0.53 26.2 186.37 0 3.24
666 1 190.58 19.19 5.12 1.01 2.16 0.54 28.9 205.33 0.04 6.4
624 1 188.86 7.73 3.81 1.03 2.14 0.53 26.6 149.24 0.33 2.34
599 1 184.49 3.5 0 1.01 2.39 0.54 29 201.15 0.01 0.92
67 1 179.75 6.46 3.45 0.98 2.36 0.54 28.3 174.62 0.16 0.9
603 1 190 10.53 2.75 1.04 2.19 0.56 27.9 201.68 0.03 3.38
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81 1 182.08 1.5 1 0.98 2.07 0.51 25.1 153.07 0.49 0.58
55 1 160.78 7.1 10.83 0.83 1.83 0.49 24.9 160.34 0.07 2.68
697 1 180.95 3.21 0 1 2.3 0.53 27 2 198.49 0 1.93
602 1 193.44 3.7 3.63 1.07 2.41 0.56 29.1 202.56 0.01 1.04
99 1 189.23 2.17 0 1.01 2.09 0.52 26.6 185.89 0.1 2.69
600 1 189.44 0 0 1.04 2.43 0.55 29.1 210.67 0 12
554 1 175.33 2.95 6.33 0.95 2.27 0.51 28.3 191.52 0 2.19
551 1 186.96 11.61 3 1 2.3 0.54 29.3 204.39 0 2.46
31 1 174.14 3.4 0 0.96 2.23 0.51 27.1 182.49 0.07 1.87
668 1 184.21 2.67 0 0.99 238 0.53 28.6 203.36 0 2.31
65 1 183.22 5.07 43 0.99 232 0.53 27.6 174.54 0.09 1.43
597 1 176.82 1.2 0 0.97 2.33 0.51 28.1 195.55 0 1.32
30 1 196.32 5 0 1.83 2.18 0.54 25.7 156.01 0.12 0.73
739 1 188.22 6.94 0 1 2.34 0.57 28.7 208.4 0 3.01
724 1 175.84 4.25 0 0.96 2.23 0.52 27.1 191.87 0 2.36
64 1 181.81 4.88 6.14 1 2.27 0.53 27.7 187.54 0 1.9
88 1 183.24 8.58 3.81 0.96 2.25 0.55 28.5 200.25 0.01 2.29
832 1 163.72 2.2 0 0.88 2.2 0.51 26.1 178.85 0 0.32
29 1 191.76 6.87 0 1.04 2.3 0.56 28.5 212.8 0 2.53
114 1 181.9 0 0 0.99 2.39 0.53 28.1 169.07 0.07 0.18
675 1 168.72 7.98 23 0.92 2.12 0.5 26.3 180.26 0 4.71
581 1 190.74 0 0 1.07 2.56 0.54 27.9 205.22 0.04 0.27
580 1 191.26 17.72 7.67 1.05 2.29 0.56 28 2 207.73 0.02 2.12
118 1 173.37 4.72 4.9 0.93 1.88 0.49 24.8 147.61 0.33 3.82
469 1 178.4 3.6 0 0.99 2.33 0.53 27.6 197.33 0 2.17
62 1 202.21 0 0 1.12 2.35 0.55 27 168.97 0.13 0.8
61 1 172.96 17.5 2 0.94 2.15 0.5 27.5 121.27 0.35 0.76
750 1 175.07 3.26 1.67 0.93 1.98 0.52 26.4 186.38 0 5.57
579 1 182.15 6.35 0 0.99 2.37 0.53 28.6 201.07 0 1.17
91 1 171.29 7.42 3 0.87 1.7 0.51 25.4 176.59 0 9.62
453 1 179.28 8.45 4.43 0.95 1.84 0.53 26.3 180.58 0.07 8.15
126 1 177.05 6.46 0 0.96 2.17 0.52 27.5 193.58 0 3.63
755 1 169.99 6.18 0 0.87 1.87 0.52 26.4 181.73 0 4.61
756 1 161.88 4.72 0 0.85 1.93 0.49 25.5 171.12 0 4.45
762 1 191.97 13.58 7.04 1 1.96 0.57 27.4 189.88 0.06 7.5
735 1 183.82 2.67 0 0.97 2.22 0.56 28.1 202.24 0 2.01
52 1 181.23 6.84 0 0.98 2.25 0.53 27.4 191.94 0.06 1.43
423 1 189.71 0 0 1.06 2.43 0.55 28.3 211.78 0 1.34
764 1 150.06 5.13 0 0.76 1.68 0.48 24.2 156.63 0 4.29
134 1 184.84 8.25 0 1.08 2.31 0.54 28.5 205.35 0 2.96
135 1 193.57 15.49 6.68 1.06 2.13 0.54 26.8 160.36 0.22 224
136 1 176.53 3.56 1.33 0.95 1.99 0.49 25 2 170.01 0.25 2.48
421 1 193.01 6.99 0 1.04 2.13 0.57 28.1 210.34 0 627
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695 1 189.89 2 0 1.04 2.4 0.54 29.3 211.43 0 1.78
713 1 179.84 3 0 0.97 2.28 0.55 26.7 195.22 0.01 1.19
50 1 179.08 6.12 1 0.94 2.23 0.54 28.4 170.24 0.04 1.6
749 1 189.09 2.55 0 1.03 2.24 0.55 27.9 206.86 0.01 2.39
48 1 177.1 7.67 4.44 0.98 2.33 0.52 28 148.34 0.22 0.63
143 1 167.83 0 0 0.92 2.39 0.61 27 176.65 0 0.14
24 1 178.19 3 0 1 2.4 0.51 26.6 185.52 0.07 0.76
96 1 190.5 10.56 3.67 1.03 2.28 0.55 27.9 181.23 0.13 0.93
146 1 179.45 15.81 5.43 0.97 2.14 0.53 27.6 183.81 0.01 4.59
97 1 194.63 4.33 3.67 1.02 2.27 0.59 29.1 193 0.01 0.87
402 1 183.08 2.66 0 1 2.3 0.54 28 2 199.9 0 1.66
149 1 167.8 3.57 0 0.88 2.13 0.53 27.5 181.77 0 0.73
395 1 197.74 8.6 15.33 1.03 2.17 0.59 26.7 216.73 0.02 3.81
765 1 160.73 2.6 0 0.87 2.26 0.5 262 176.1 0.01 0.34
775 1 167.63 3.78 0 0.91 2.16 0.51 25.9 182.93 0 1.84
719 1 159.5 6.52 2.67 0.87 2.19 0.49 25.5 171.55 0 1.23
46 1 182.94 2.92 2 0.99 2.05 0.51 25.8 114.16 0.73 1
45 1 185.2 4.19 0 1.02 2.29 0.53 27.7 196.7 0 1.86
555 1 169.51 3.29 0 0.91 2.16 0.49 27 184.28 0 3.66
379 1 164.87 7.66 1.56 0.84 1.54 0.49 24 162.39 0.58 12.05
158 1 176.06 4.11 0 0.96 2.13 0.51 25.7 170.62 0.11 1.67
375 1 197.77 10.63 6.67 1.07 2.26 0.58 28.5 216.9 0.02 3.99
776 1 165.94 7.07 0 0.9 2.23 0.5 26 181.81 0 1.31
374 1 191.5 9.99 1 1.05 2.32 0.56 27.9 209.55 0.01 1.85
372 1 172.26 0 0 0.93 2.21 0.52 27.8 189.35 0 1.12
43 1 187.89 5.33 0 1.03 2.06 0.49 25.3 121.65 0.43 1.74
164 1 173.17 4.3 0 0.93 22. 0.52 27.6 189.39 0 2.04
165 1 173.4 7.2 12.4 0.93 2.09 0.51 27.5 186.97 0.03 3.92
44 1 179.24 3 0 1 2.34 0.52 27.8 189.89 0 1.51
105 1 177.14 3 0 0.98 2.5 0.53 28 2 197.16 0 0.15
168 1 160.5 3.86 0 0.84 2.06 0.51 26.4 173.2 0 1.36
352 1 174.68 4.79 2.5 0.93 1.86 0.52 25.1 167.24 0.14 5.57
170 1 197.33 6.59 5.21 1.06 2.15 0.58 28 189.68 0.02 3.3
171 1 198.71 7.12 5.15 1.07 2.17 0.61 28.8 189.47 0.14 4.28
350 1 171.13 9.47 1.67 0.89 1.76 0.51 24.9 163.63 0.26 6.9
346 1 189.24 6.43 0 1.02 2.35 0.56 28.8 209.97 0 1.67
345 1 187.88 8.2 14 1.01 2.18 0.56 28.3 205.92 0.01 4.34
344 1 186.8 6.97 5.5 0.98 2.36 0.55 29.5 206.67 0.01 1.75
339 1 176.67 5.61 5.8 0.95 2.12 0.53 27.5 189.37 0.01 2.7
338 1 178.79 11.44 0 0.98 2.32 0.53 27.8 196.2 0 1.24
723 1 185 6.69 0 1.01 2.27 0.54 27.6 195.03 0 1.87
507 1 168.7 6.23 10.67 0.9 1.82 0.5 25.7 178.83 0 9.74
325 1 178.93 4.71 0 0.97 1.98 0.52 25.9 191.47 0 7.25
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324 1 183.84 2.55 2.33 0.97 1.82 0.53 24.4 131.71 0.96 2.79
230 1 165.14 5.62 4 0.88 2.1 0.5 26.8 178.59 0 2.69
778 1 172.93 3.98 0 0.94 2.15 0.52 26.7 185.5 0 2.5
783 1 183.4 10.26 3 0.96 2.08 0.56 27.6 195.4 0 3.49
314 1 184.99 7.61 3.25 0.99 227 0.54 29 199.87 0 2.6
186 1 169.25 2.4 0 0.91 2.13 0.51 27 183.03 0 1.67
187 1 172.97 3.51 0 0.92 2.09 0.53 272 188.54 0 2.71
312 1 179.75 6.67 2 0.53 2.32 0.53 27.9 197.16 0 1.34
189 1 184.13 6.88 0 1 2.25 0.56 28 202.58 0 2.96
15 1 191.64 8.47 2.6 1.03 2.29 0.58 29 202.34 0.01 2.83
191 1 193.64 21.65 3.31 1.02 2.06 0.58 28.5 201.4 0.02 7.4
791 1 160.21 3.42 0 0.83 1.76 0.47 24.9 169.32 0 7.61
193 1 178.26 2 4 0.97 224 0.53 27.9 195.46 0 1.81
310 1 171.8 2.25 1 0.89 205 0.53 28 186.11 0 1.46
305 1 191.86 6.93 4.4 1.04 223 0.57 27.6 172.56 0.02 2.04
792 1 161.72 2.21 0 0.86 202 0.44 25.5 173.83 0.02 2.73
282 1 174.15 4.62 0 0.9 2.05 0.54 28 188.72 0 1.67
198 1 170.81 1.43 0 0.92 22 0.49 24.9 165.3 0.18 0.57
281 1 183.68 10.98 527 0.98 21 0.55 27.8 198.67 0.03 4.78
278 1 178.84 4.68 0 0.98 2.32 0.54 27.9 196.7 0 1.44
201 1 176.4 6.75 3.14 0.96 225 0.52 26.8 173.97 026 1.13
202 1 181.44 6.91 2.67 0.99 233 0.54 282 182.9 0 0.93
266 1 193.23 12.71 0 1.05 22 1.05 26.7 175.4 0.18 2.13
801 1 176.69 3.09 0 0.98 2.31 0.51 26 172.89 0.11 0.7
205 1 168.52 9.17 3 0.91 2.16 0.52 26.9 182.65 0 228
802 1 187.42 10.77 0 1.03 2.37 0.57 27.7 208.85 0 2.3
207 1 153.66 4.77 0 0.81 1.91 0.47 25 164.12 0 2.92
208 1 169.97 4.89 0 0.91 2.07 0.51 26.5 184.35 0 3.54
209 1 168.19 10.85 0 0.92 2.29 0.52 27.3 184.87 0 1.05
210 1 173.27 7.56 1 0.94 2.22 0.53 27.6 188.89 0 2.41
813 1 168.21 2.65 0 0.89 2.02 0.51 25.9 181.88 0 2.99
242 1 185.42 9.6 6.08 1.03 221 0.54 26.7 143.33 0.34 1.65
814 1 181.77 6.09 0 0.97 2.22 0.54 27.7 195 0.02 1.5
816 1 163.69 2.87 0 0.85 1.87 0.49 26 174.9 0 5.67
215 1 195.62 6.06 6 1.05 2.08 0.57 27.7 2072 0.01 5.79
239 1 188.12 8.36 4 0.98 1.93 0.56 27.6 196.79 0 7.77
4 1 182.43 3.5 4.87 0.99 2.12 0.53 26.9 177 0.07 2.28
237 1 183.68 5.17 2 0.98 2.08 0.54 27.3 199.05 0 4.15
824 1 186.3 4.08 0 1.03 227 0.54 26.6 193.34 0.04 1.69
234 1 180.18 3.93 7 0.97 221 0.54 27.7 196.72 0 2.51
221 1 173.41 1.5 0 0.94 219 0.52 262 157.07 0.38 0.82
231 1 163.46 5 0 0.89 21 0.5 26.7 178.59 0 0.8
223 1 167.67 1 1 0.23 2.15 0.5 252 1542 0.16 0.52
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862 2 200.58 2.33 3 1.14 2.65 0.57 29.1 223.73 0 0.16
540 2 157.27 4.33 0 0.83 1.85 0.48 25 166.67 0.02 5.26
496 2 168.53 5.83 0 0.87 1.86 0.52 25.9 179.93 0 5.49
441 2 176.48 5.89 0 0.96 2.15 0.52 26.9 192.93 0 4.17
438 2 161.64 9.14 0 0.86 1.92 0.46 25.6 172.96 0 6.3
388 2 166.01 5.27 0 0.88 1.81 0.49 25.5 176.66 0 9.14
381 2 165.74 10.65 2.87 0.86 1.41 0.47 23.1 153.31 1.18 13.64
376 2 200.39 8.48 4 1.08 2.16 0.57 27.3 207.81 0.08 3.42
503 2 162.63 9.68 3.19 0.85 1.53 0.48 24 160.81 0.56 14.16
774 2 162.01 3.2 0 0.89 2.23 0.49 25.8 176.77 0.01 0.64
771 2 170.48 0 0 0.93 221 0.52 26.6 186.95 0 1.21
360 2 177.1 5.09 2.4 0.96 2.05 0.54 27.1 191.89 0 5.19
361 2 182.43 4.77 5.33 0.99 2.05 0.55 27.1 198.28 0 6.82
484 2 168.92 7.34 0 0.9 1.73 0.49 24.8 177.93 0.03 13.47
353 2 170.93 4.05 2 0.92 1.87 0.51 25.1 153.81 0.1 5.12
348 2 197.46 0 72 1.07 224 0.55 27 147.22 0.35 0.68
341 2 174.04 6 0 0.9 2.08 0.53 28.1 189.26 0 1.89
340 2 191.56 8.54 3 1 2.01 0.57 27.9 195.82 0.01 6.3
660 2 174.26 6.58 0 0.93 205 0.54 26.3 189.02 0 4.38
560 2 157.41 9.06 3.24 0.81 1.35 0.45 22.6 138.34 1.13 13.63
522 2 171.31 7.73 0 0.92 1.84 0.5 25.9 182.16 0 10.54
807 2 159.36 4.63 2.33 0.83 1.78 0.49 24 2 167.75 0 5.28
786 2 167.38 5.55 4 0.88 1.93 0.5 26.1 178.42 0 5.73
301 2 164.74 2.6 0 0.9 2.26 0.51 26.7 180.57 0 0.61
477 2 161.66 9.45 4.02 0.8 1.37 0.46 23.7 162^8 0.01 18.13
300 2 175.37 4.12 0 0.96 2.14 0.53 26.7 191.33 0 3.68
250 2 183.35 1.33 0 0.99 2.31 0.55 28.6 203.19 0 0.94
716 2 147.71 7.56 0 0.77 1.62 0.45 23.4 152.59 0 8.7
727 2 170.86 4.72 2.43 0.89 1.78 0.51 24.7 156.11 0.1 6.4
444 2 179.23 5.09 0 0.97 2.05 0.52 27 194.83 0 5.9
440 2 175.92 7.12 8 0.95 2.17 0.52 27.2 192.58 0 3.24
429 2 163.45 6.49 1.71 0.85 1.86 0.49 25.3 140.9 0.4 3.33
294 2 181.33 8.03 1 1.01 217 0.53 27 170.06 0.02 3.77
609 2 160.08 10.94 3.11 0.83 1.39 0.46 23.2 135.02 0.27 14.59
606 2 166.65 5.95 0 0.87 1.78 0.49 25.2 177.02 0.05 7.94
585 2 156.03 11.14 3.18 0.82 1.32 0.45 22.5 145.64 1.4 15.74
582 2 174.64 3.98 0 0.98 2.38 0.51 26.8 165.92 0.06 1.48
290 2 172.41 3.15 0 0.51 204 0.92 26.8 184.59 0.01 3.75
576 2 164.72 3.58 0 0.88 2 0.48 26.6 177.38 0 4.79
549 2 169.11 12.11 5 0.88 1.34 0.47 23 142.96 0.6 17.51
546 2 175.38 8.73 2.87 0.93 1.49 0.5 23 107.93 227 5.17
817 2 153.66 3.1 0 0.81 1.94 0.46 25.3 164.15 0 3.72
533 2 160.04 13.82 8.13 0.8 125 0.44 22.6 158.91 0.09 25.86
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288 2 185.51 8.88 17 1.01 2.24 0.54 27.8 200.68 0.02 2.32
532 2 161.25 15.28 4.69 0.8 122 0.44 22.6 158.65 0.1 27.45
520 2 168.49 18.88 3.34 0.87 1.26 0.46 22.6 144.04 0.75 24.42
270 2 178.69 8.32 1 0.98 2.15 0.54 27 181.62 0.12 3.05
393 2 181.62 6.28 0 0.98 2.11 0.54 27.6 198.18 0 4.76
515 2 146.71 10.01 2.65 0.71 1.21 0.42 22.5 143.18 0.02 18.98
510 2 168.55 5.75 2.93 0.89 1.77 0.5 24.8 161.75 0.3 7.69
506 2 159.43 6.74 5 0.82 1.6 0.47 24.3 164.36 0 12.4
780 2 158.31 7.53 0 0.8 1.42 0.46 23.1 161.73 0 16.47
494 2 171.52 5.6 5.13 0.88 1.74 0.5 27.1 157.01 0.14 5.31
751 2 167.06 5.72 0 0.86 1.62 0.48 24.9 174.61 0 13.92
483 2 167.61 10.41 0 0.88 1.67 0.48 252 175.58 0 15.55
466 2 175.99 5.28 5 0.93 1.78 0.51 26.1 186.98 0.05 12.24
458 2 158.61 8.98 2.38 0.83 1.49 0.46 23.4 153.39 0.42 12.12
691 2 151.88 18.77 1.7 0.75 1.09 0.4 22.4 139.08 0 29.1
451 2 181.92 4.56 1.67 0.97 1.92 0.54 26.7 161.83 0.2 6.64
673 2 171.82 3.19 1.25 0.95 2.17 0.5 25.6 150.13 0.73 1.25
335 2 168.12 3.53 0 0.92 2.01 0.5 26.1 181.6 0 5.4
618 2 186.97 0 0 1.02 2.46 0.54 29.2 208.88 0 0.8
413 2 157.45 5.17 0 0.83 1.91 0.49 24.9 167.88 0 4.17
287 2 183.22 0 0 1.01 2.42 0.54 28.3 199.08 0 0.82
652 2 160.15 5.25 8 0.86 1.86 0.46 25.3 170.5 0 7.46
592 2 169.52 4.12 0 0.92 1.86 0.51 24.6 170.53 0.05 6.51
567 2 160.43 7.28 1.75 0.83 1.49 0.47 23.1 164.63 0 16.85
773 2 148.35 5.67 2 0.79 1.87 0.45 24.1 155.58 0 327
753 2 184.91 9.84 3.5 0.97 1.97 0.56 27.1 189.85 0.06 5.63
787 2 156.91 4.68 0 0.83 1.82 0.47 24.3 166.43 0 5.75
806 2 150.62 6.15 0 0.77 1.63 0.46 23.6 156.21 0 8.07
499 2 154.27 16.67 2.67 0.78 1.17 0.41 22.1 135.45 0.4 23.55
759 2 150.06 6.96 0 0.75 1.46 0.43 23.9 153.45 0 12.92
431 2 169.17 7.13 0 0.88 1.82 0.52 25.8 180.69 0.01 6.59
517 2 154.56 21.44 4.09 0.78 1.05 0.41 22.1 110.38 2.41 19.85
729 2 149.02 6.05 2.5 0.78 1.63 0.43 23.2 142.08 0.03 8.22
330 2 171.32 6.52 1 0.93 1.92 0.52 26.1 172.72 0.06 6.95
502 2 164.33 18.3 4.82 0.82 1.18 0.45 22.5 156.62 0.46 28.95
547 2 167.18 7.3 2.55 0.88 1.54 0.49 23.3 141.17 0.62 9
354 2 178.78 5.06 4 0.97 1.9 0.51 25.2 180.99 0.11 7.11
383 2 171.44 14.8 4.57 0.89 1.29 0.46 22.7 143.21 1.68 18.21
384 2 165.93 9.6 3.31 0.86 1.37 0.46 22.7 93.08 4.36 522
385 2 163.47 10.46 3.33 0.85 1.37 0.44 22.8 137.41 0.8 16.58
565 2 149.93 10.67 2.41 0.75 1.25 0.43 22.8 146.43 0 20.21
407 2 164.26 7.26 2.75 0.83 1.54 0.48 23.9 161.66 0.55 10.9
408 2 161.19 9.55 3.23 0.82 1.41 0.46 23 152.93 0.18 16.46
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409 2 171.21 9.77 3.24 0.89 1.38 0.48 22.8 162.8 0.63 19.45
412 2 160.14 6.56 3 0.85 1.77 0.48 24.2 169.15 0 8.16
710 2 142.94 5.74 0 0.73 1.51 0.43 22.4 146.47 0 9.97
704 2 160.48 7.13 0 0.82 1.55 0.46 24.3 166.27 0 14.09
404 2 173.34 4.86 3.38 0.92 1.78 0.5 25.2 169.75 0.15 8.48
700 2 164.7 3.24 0 0.89 2.11 0.89 25.2 178.73 0 2.96
403 2 178.16 5.55 2.14 0.94 1.9 0.5 25.2 150.71 0.48 4.32
563 2 166.77 5.42 2 0.87 1.76 0.51 25.3 163.75 0.07 7.55
454 2 177.12 7.45 2.58 0.94 1.86 0.52 26.4 178.6 0.07 14.37
677 2 156.29 5.76 0 0.82 1.83 0.46 24.8 166.18 0 6.13
460 2 179.84 10.45 5.67 0.97 1.92 0.53 25.9 184.52 0.03 9.54
462 2 168.84 6.22 0 0.94 2.08 0.49 25.3 173.03 0.02 3.59
485 2 171.85 6.41 0 0.92 1.83 0.5 25 181 0.04 10.44
586 2 162.49 9.81 3.06 0.83 1.44 0.46 23.4 152.16 0.58 13.13
543 2 165.48 8.08 5 0.85 1.6 0.48 24.2 158.85 0.09 11.3
359 2 184.31 6.15 5 0.97 2 0.56 27.2 196.29 0 6.02
571 2 173.41 5.78 2.14 0.92 1.59 0.51 23.5 110.81 1.07 7.09
442 2 176.82 3.95 0 0.97 2.17 0.53 27 190.17 0 3.33
663 2 162.12 4.72 0 0.89 2.18 0.5 25.6 176.97 0 1.32
321 2 168.59 3.66 0 0.89 1.96 0.51 26 181.28 0.01 4.78
661 2 173.56 2.17 0 0.93 2.07 0.55 25.8 188.21 0 2.44
645 2 171.66 6.41 0 0.93 2.28 0.52 25.6 188.81 0 1.04
415 2 171.57 6.59 5 0.92 2.01 0.52 26.1 185.08 0.01 5.17
633 2 169.78 4.31 0 0.91 1.94 0.52 25.4 176.3 0 5.3
390 2 171.83 5.39 2 0.93 2.04 0.52 26.7 186.24 0 5.45
463 2 178.27 5.82 0 0.96 1.9 0.51 25.9 168.89 0.19 7.37
615 2 172.16 2.83 2 0.93 1.87 0.52 24.6 148.24 0.29 4.67
614 2 159.08 6.17 0 0.82 1.65 0.47 23.6 159.56 0.18 6.75
611 2 170.7 3.83 0 0.92 1.98 0.52 25.5 180.68 0.02 4.58
363 2 162.39 4.34 0 0.87 1.85 0.47 25.7 172.9 0 7.92
476 2 168.33 5.42 3.73 0.87 1.72 0.5 25.2 170.27 0.04 8.54
497 2 160.02 6.2 3.1 0.83 1.58 0.48 23.7 157.92 0.19 10.14
500 2 164.48 17.02 3.11 0.86 1.2 0.43 22.4 145.33 2.25 23.07
456 2 156.52 10.18 3.27 0.79 1.34 0.45 22.8 140.02 1.23 13.8
336 2 174.61 4.53 0 0.96 2.2 0.52 26.7 171.91 0.07 1.95
ERDAS, IMAGINE processed variables of Landat T.M., September 25, 1986 scene
ID is die identification number for the 2-by-2 km square defined in Section 4.3
R is die regional variable; 1= Plains region, 2= Foothills region
Tel is the Tasseled Cap brightness component
Tc2 is the Tasseled Cap greenness component
Tc3 is the Tasseled Cap wetness component
Temp is the band 6 thermal reflectance is degrees centigrade
Pci is die Principal component 1
Pc2 is die Principal component 2, Pc3 is die Principal component 3
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Table 2
Landsat TJV1. Image Footfaflls-Plains Strata Comparison Two-Sample t-Test Statistics




t  = 95% Confidence 
Interval
Plains Foothills Lower Upper
Tel 252.393 180.253 168.154 0 9.594 9.617 14.585
Tc2 252.895 5.839 6.981 0.03 -2.512 -2.037 -0.2465
Tc3 285.245 2.259 2.079 0.59 0.5876 2.259 2.0797
Mini 287.919 0.971 0.885 0 7.348 0.062 0.1081
Min2 168.296 2.179 1.793 0 11.568 0.319 0.4513
Min3 209.892 0.535 0.500 0 5.158 0.022 0.0495
Temp 199.13 27.245 25.069 0 11.971 1.813 2.5356
Pci 249.732 185.343 167.459 0 7.2 12.937 22.831
Pc2 130.405 0.067 0.257 0 -3.429 -0.299 -0.080
Pc3 137.423 2.659 8.770 0 -9.851 -7.337 -4.894
Welch Modified Two-Sample t-Test with unequal variances
ERDAS, IMAGINE processed variables of Landsat T.M., September 25,1986 scene
ID is the identification number for die 2-by-2 km square defined in Section 4.3
R is the regional variable; 1= Plains region, 2= Foothills region
Tel is die Tasseled Cap brightness component
Tc2 is the Tasseled Cap greenness component
Tc3 is the Tasseled Cap wetness component
Temp is die band 6 thermal reflectance is degrees centigrade
Pci is die Principal component 1
Pc2 is die Principal component 2
Pc3 is the Principal component 3
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